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PREFACE, 

TllF. following pages are intended as a help to the 
young student of geo!(^', who is usually bewildered 
by the abundance of invertebrate fossils when he first 
commences collecting them himself. There are books 
of a much higher and more extensive character, such 
as the treatises on Paleontology by Owen and 
Nicholson, to which I am hopeful this present volume 
H-iU prove introductory. 

I have not attempted to introduce the student to 
other than invertebrate fossil animals, not only because 
these arc by far the most numerous, but also because 
such an attempt would have expanded the volume 
bcj'ond due limits. 

1 have recollected the nature of the difficulties 
which beginners in fossil -collecting feel, and have 
tried to meet them. My hope has been rather to 
whet the appetite than to satisfy it. 



Irswictr, Mairh 3, 1885, 
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COMMON BRITISH FOSSILS. 



CHAPTER I. 



FOSSIL SPONGES, ETC. 

There arc few sciences more dependent on others 

1 than Geology. Certainly there is none which sends 

i the young student so eagerly to other sciences for 

assistance. The fossils he meets with in the rocks are 

far more abundant than he imagined before he began 

to study geology. Indeed, the young geologist, when 

his eyes arc first opened, is astonished at the abundance 

of fossil remains within the immediate neighbourhood 

of his home, unless the latter happen to be on the 

granite or metamorphic rocks. He wonders how it is 

he never noticed them before. Fragments, or whole 

specimens of fossils, animal and vegetable, arc con- 

I atantly turning up before his eager and enthusiastic 

[ eyes, cither in their parent rocks, or in the boulder 

I clays which have been formed out of them. The 

[.very rocks of the hills and mountains seem to be 
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solid dry ■ 

I 



almost wholJy composed of them — nay, the solid dry 
land of Ihc globe appears to have been mainly put 
together by the agency or through the nistrumentality 
of life I 

No sooner has the young beginner appreciated the 
wealth of objects by which he is surrounded, or to 
which he may obtain easy access, than the first fit of 
ColUiting takes possession of him. His holidays are 
spent in fosailifcrous localities ; and his leisure time 
tn reading about them, or in arranging his cabinet. 
At length he feels the need for more knowledge 
than he possesses about the many strange forms he 
comes across, He has at first an idea that they 
arc altogether different from anything now existing, 
and perhaps a feeling of something like disappoint' 
matt comes over him when he learns they are con- 
structed on tlie same plan as living animals and 
plants ; and that in many instances ihe same generic 
and even specific forms are still in existence. This 
state of mind, however, soon gives way to thorough 
admiration, when he catches a glimpse of the life- 
plan of the globe. He sees that, beginning with tlie 
lowly and humble organisms, it has developed into 
the present Fauna and Flora ; that the stream of life, 
issuing like a rill from such obscure springs as are 
hardly discernible in the distant Laurcntian period, 
has been gaining in volume and depth as it has passed 
onward, in unbroken continuity, through all the suc- 
ceeding ages, until It has opened out in the grand 
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FOSSIL SPONGES, ETC. 3 

ocean of existing life ! Every fossil he picks up is 
a letter in the great stone book ; and many such 
letters, properly put together, have spelled out some 
of the most wonderful generalizations of the human 
mind. For geology as a science is peculiar in this 
respect, that in proportion to the degree of intellec- 
tual labour bestowed upon it, the resulting knowledge 
is wider and broader than that afforded by any other 
science — except, perhaps, astronomy. Not only does 
the new knowledge tcU the student of other Ufe- 
periods beside the present, not only does it extend 
the duration of the globe infinitely beyond the brief 
six thousand years uneducated people still imagine 
mark its existence, but it convinces the young student 
beyond a doubt, that if the present living animals 
and plants are evidences of the Creator's wisdom 
and power, the same may be said of the extinct 
faunas and floras of preceding epochs. Nay, when 
he learns properly to connect their nature and dis- 
tribution with the present, he sees that all are links 
in the great chain of vitality, of which existing 
animals and plants are only the continued living 
forms I 

The next step in the process of geological reason- 
ing which fossils suggest, is no less interesting or 
instructive. From seeing how many of our rocks, 
especially limestones, are formed wholly by vital 
agencies, the student perceives that the physical 
Eeography of every past age ia related to the present. 
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The rocks forming the dry land arc for the most part 
of marine origin — were formed along the floors of 
ancient seas, when dry land doubtless occupied some 
parts at least of the areas of existing oceans ; altliough 
it should be remembered that modern science is 
actively developing the theory of the relative per- 
manency of ocean-beds and continental areas. No 
fact is more readily or surely known than that sea 
and laud have frequently changed places. Upheavals 
and depressions of the earth's crust, producing mar- 
vellous physical results, and affecting the distribution 
of life-forms in every period of our planet's history, 
are of insignificant importance when we regard the 
bulk of our earth as a planet. It is the sum total 
of these depressions and upheavals, as well as of the 
atmospherical and marine wear-and-tear of the solid 
rocks, which has eventually given the surface of the 
globe its present physical geography. 

Of all these things the geological student has to 
take heed. He discovers that geology, after all, is 
but the complete record of the physical geography of 
the past ; and that, as Lyell and others have demon- 
strated, the physical changes everywhere going on at 
the present day do not differ in their nature, and 
probably not very greatly in their intensity, from 
those which took place in former geological periods. 
But, undoubtedly, the nature of geological study 
obliges the young beginner first to pick up an elemen- 
tary knowledge of natural history. How can he 
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understand anything of the fossil plants, shells, bones, 
teeth, etc, he meets with in every geological forma- 
tion, unless he knows something about similar objects 
now in existence? Fossils only differ from their 
modem representatives in that they belong to exlincl 
zoology and botany, instead of to the still existing 
divisions of these kingdoms of life. Thus the 
geological student is forced continually to widen his 
sphere of research, and he finds that every additional 
bit of knowledge of any other science helps him all 
the more to understand that which he has selected as 
his special hobby. 

Geology is essentially an open-air study. It leads 
^one into the most beautiful of landscapes, to the most 
charming bits of scenerj-. The tame flatness of the 
plains reveals to the geologist comparatively little, 
unless coal or salt-mining has partly turned the earth's 
crust inside out ; or railway cuttings have laid open 
sections instructive both as regards the strata and the 
fossils they contain. Boulder clay pits or natural tarns 
will occasionally prove interesting. But to study the 
stony science in its fulness we must " gang to the 
hills ! " There, where the heather is purplcst, and the 
atmosphere exhilarates like old wine, we are most 
likely to read off the " record of the rocks ! '' Health- 
ful activity is required, and the memory is stored 
with remembrances of sunny days and clear skies, 
never to be forgotten ! 

In the course of the following chapters I purpose 
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doing my best to introduce the young student t 
" happy hunting-grounds " of our various geological 
formations. I intend to limit myself to the common 
fossils, unless occasionally tempted to mention a few 
for the purpose of further whetting the appetite, 
And, whilst I describe the spots where the young 
geologist is most likely to " make a bag," I shall give 
a brief description of the natural history relationships 
of the numerous extinct organisms. 

For a long time it was the practice to regard the 
most doubtful fossil marine organisms, which had no 
particular shape or external structure by which they 
could be at once recognized, as "a kind of sponge." 
Thanks, however, to the labours of such men as 
Hinde, Sollas, and Carter, it is no longer possible to 
avail ourselves of such a fossil lumber-room, where 
our ignorance and mistakes can be screened. For, 
although there is some doubt and disputation as to 
the exact zoological rank of sponges — whether they 
belong to the Protozoa or C^Uatiraia — there is little 
concerning their habits and structure. The extended 
use of the microscope in geology, and the practice of 
cutting transparent sections of any doubtful fossil, so 
as to enable the student to identify it by its organi- 
zation, at once enables him to detect " sponge 
structure," or rather the mineral part of that structure. 
For in fossils the sponge-flesh, or sarcode as it is 
called, has of course disappeared, and left no trace ■ 
behind it 
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As the reader may sec by referring to Mr. Savillc 
Kent's splendid work on " Infusoria," this spongc- 
flcsh is frequently almost made up of collared in- 




fusorians, in company with m)Tiads of still more 
simple organisms resembling Aiiiaba, A living 
sponge, therefore, maj' be regarded as a colony of 
lowly organized animals, just as a mass of living reef- 
coral is a colony of sea-ancmone-Iike animals. 

Let us carry this illustration a little further. The 
coral-anemones differ from our well-known sea- 
anemones by the hard limy substances in their 
interiors, due to the calcification of the tissues. These 
remain behind after death, and when the flesh has 
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decomposed, such durable limy substances are popu- 
larly denominated "coral." Similarly with sponges. 








Fig. 3. 




Fig. 4. 



Figs. 3-4.— Fo'iul Sponf^e Spicules, from RIackdown and IlaUlon, all drawn on (he 
fcale of ^th to 1^0 th of an inch. (After H. j. Carter.) 



When alive the outer layer of " sponge-flesh " is 
usually permeated with myriads of exceedingly small 
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\ solid bodies, called fibres and spicules. The latter 
arc of a \'ariety of shapes, from the most simple to 




the most complex, but they are interwoven so closely 
I together that when the sponge is dead and its " flesh " 
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has decomposed, there is left behind the skeleton, 
formed by the interlacing of the above-mentioned 
spieiiles. 

We may practically regard these " spicules " as 
having been crystallized within the soft, white-of-egg- 
like spongc-flcsh. They arc not always of the same 
chemical composition — indeed they rarely are, even 
in the same species or individual. But there is 
generally an exclusive majority of spicules of the 
same chemical or mineral composition. The fibres 
are formed of a substance chemically resembling that 
which enters into the composition of horn, hair, wool, 
or feathers, and which is characteristically an animal 
production, called chiiim. Our washing-sponge is 
the skeleton of the Chitinous group. Their skeletons, 
being usually fibrous, could hardly be expected to bo 
found in the fossil state, unless they underwent a 
change. Two other classes of sponges are recognized 
by naturalists, and by some are named according to 
the substance of which the spicules of the skeleton 
are composed. Thus, in one group the spicules 
are formed of lime, and so the term calcareous is 
applied to them. Ten species of this sort of fossil 
sponge are found in the Ludlow rocks. In the other 
kind, the spicules arc formed of silica or flint, and 
accordingly this group of sponges is termed siliceous. 
The last group possesses the most complex and 
beautifully shaped spicules, and the dead skeleton 
formed by them is one of the most lovely of 
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zoological object?, as everj-body acquainted with 
the recent species EnpUcUUa aspergUlum ("Venus' 
flower-basket ") will readily allow. The accompany- 
ing wood-cuts show the appearances of recent and 
fossil sponge-spicules under the microscope. 

The siliceous sponges are again sub-di%"ided into 
several groups, named respectively Monactiitettids, 
Tetracfinellida, Hexactinellida (that is, " one, four, and 
six-radiated spicules"), and Lithislida. We know 
nothing of fossil sponges except the mineralized 
spicules they have left behind, and these have been 
frequently much changed since the sponges were 
alive. Limy spicules are often dissolved away, and 
perhaps left no trace behind them, unless the hol- 
lows they had left have been filled with flint But 
there are numerous cases where even flint spicules 
have been dissolved, and where lime has replaced 
silica. Until a few years ago, it would have been 
much questioned whether the siliceous spicules of 
sponges could be replaced by any other mineral 
matter ; but there is now little doubt that organic sih'ca 
can be removed, although geologists can only record 
the obser\-ed fact without explaining it. Some 
siliceous spicules have been replaced by iron pyrites, 
in the Lower Cambrian rocks of North Wales. 

Nevertheless, fossil sponges possessing a siliceous 
or flinty skeleton, are likely to be much more numer- 
ously preserved than those sponges whose skeletons 
were composed of a less endurable mineral. Hence 
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the former appear to be more numerous and wide- 
spread. Dr. Hinde refers to instances where the 
spicules of Tetractinellid, ox four-rayed sponges, arc 
numerous enough to form thin strata. 

The HexaclhieUid sponges are distinguished by- 
having six-rayed spicules, so arranged that the rays arc 
usually at right angles to each other. These spicules 
are sometimes united, sometimes free, and they 
frequenlly form a trelliswork after the appearance 
of " Venus' flower-basket." These are all inhabitants 
of the deepest parts of the sea, and as our white 
chalk is one of the geological formations deposited 
perhaps in deeper water than any other, the number of 
-Species of fossil hexactineUid sponges found fossilized 
in its strata is very great. The Ventriculida: (formerly 
thought to be zoophytes allied to the Alcyouia, or 
" dead men's fingers ") are perhaps the most 
numerous of all the chalk sponges, and even the 
external shapes of many of them approach very near 
to that of " Venus' flower-basket," and still more 
to the recent sponge called Holtenia. 

The Lithistidis are sponges whose spicules are 
also composed of silica, but they are arranged in fours. 
and the rays are not arranged at right angles. The 
extremities of the spicules arc usually so divided 
or notched that those of each other can interlock. 
This interlocking builds up a loose but continuous 
framework. One of the commonest of the fossil 
sponges in the Lower Chalk is Stphoma, which 
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may be regarded a-s a characteristic IJthistid sponge. 
Fossil sponges are always commonest in limy and 
arenaceous rocks. 

As regards the habiCs of recent sponges, it is as 
Well to be acquainted with them, for they throw h'ght 
upon the conditions of ancient sea-beds, inasmuch as 
we find that modern sponges arc characterized by the 
same habits as the oldest kinds. In this way a 
knowledge of recent and fossil forms is reciprocal in 
its illustrative effect. Thus the genus Cliona — a 
remarkable sponge which has the habit of boring into 
the denser structure of bivalve shells, as may be seen 
in a thick-shelled, deep-sea oyster on the nearest fish- 
stall — has indulged in this habit ever since the Silurian 
period. Shells of fossil Pteritiea, in the Malvern beds, 
are frequently found perforated by ancient burrowing 
sponges ; and in the chalk near Norwich we find 
the solid cones of BeUmnites (internal bones of ancient 
cuttle-fishes) riddled through and through by boring 
sponges, which have thus left a very delicate but 
graceful pattern of the walls of the burrows. Again, 
in our British seas particularly, we have a lat^e 
number of existing sponges encrusting or growing 
on other natural objects ; and we find fossil sponges 
such as Sparsispongia which adopted this habit as far 
back as the Silurian times. 

It is probable that in the earlier seas of the globe 
the divisions of the lower marine animals were not 
so distinctly marked oft from each other as tlicy arc 
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now. This accounts for the difficulty some of our 
best naturalists find in assigning certain fossils to 
their true classification. Thus, Mr, Carter thinks that 
Parkeria (a not uncommon fossil in the Upper Green- 
sand of Cambridgeshire, and which was originally 
described by Dr. Carpenter as a gigantic foraminifer 
an inch in diameter, whose walls are composed of 
cemented grains of sand instead of "shell") Is in 
reality a hydrozoon allied to the pretty Hydract'ma 
found coating the outsides of many living whelk shells. 
The same naturalist believes that Siromatopora is of 
similar character. The latter is a very abundant fossil 
in the Devonian limestone. In the quarries at 
Newton Abbot one can hardly pick up a piece of 
stone which does not contain some species of Stroma' 
topora. It is found in the Silurian, Devonian, and 
even" Carboniferous limestones. The beautiful flesh- 
tinted marbles obtained from the Devonian limestones 
near Torquay, when polished, show excellent sections 
of Siromatopora. How this fossil has been bandied 
about from scientific pillar to scientific post! For a 
long time it was regarded as a species of coral. Then 
it was supposed to be a calcareous sponge. Next it 
was imagined it might be somehow intermediate 
between the Aexacti/ic/Zui spongca and such hydrozoan 
corals as the recent and abundant MUUpora. Professor 
Nicholson threw out the hint that this fossil might be 
related both to sponges and foraminiferse ; whilst Pro- 
fessor Sollas holds to its being a htxactinellid si>onge. 
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scssed flinty or siliceous spicules have had them con- 
verted into lime — a most unexpected metamorphosis, 
but one which cannot be gainsaid — has greatly per- 
plexed naturalists as to which were formerly cd/rrtrccK^ 
and which siticeoiis sponges. Thus Zittcl, the great 
authority on fossil sponges, regards those which are 
so abundant in the Coral Rag beds at Farringdon, 
as calcareous : whereas Carter thinks they were ori- 
ginally siliceous sponges whose spicules have been 
chemically changed. 

This only show's how involved arc the problcma 
dealing with the most simple and rudimentary of 
marine animals. But the fact remains, that sponge- 
life has not materially altered from the very earliest 
period of our planet's history until now. There is a 
much greater variety of species in recent seas than 
perhaps was ever the case before, although it is 
doubtful whether sponges arc as abundant in any 
of our great seas or oceans as when the European 
Chalk was deposited. 

Tossil sponge-hunting becomes most interesting 
when wc come to the Cretaceous or chalk formation. 
True, we find fossil sponges in all marine calcareous 
and arenaceous formations, from the Silurian upwards. 
Even frcsh-walcr sponges, closely allied to that now 
abundant in rivers and streams {Spou^illa Jlitvia- 
tilis)y arc known to have been in existence during the 
Purbcck limestone stage of the Secondary epoch. 
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of the limestone appears friable and "rotten." This ' 
is Just the material to look for iiiicro:;oa, for Raeiio- 
lariaiis, sponge -spicules, etc. Those of a fossil "glass- 
rope "sponge (//>-ff/i?«i?/H(j) are met with in abundance, 

Mr. James Thomson, F.G.S,, discovered a bed of 
"rotten limestone" at Cunningham Baidland, Dairy, 
Ayrshire, and the spot is now well known to all 
Glasgow geologists. Sponge spicules, notably those, 
of Hyalonema, are abundant, and they are found 
converted from their original siliceous to a calcareous 
composition. Several other places where microzoa 
occur have been made known in Scotland ; and Mr. 
John Young, RG.S., has carefully examined their 
materials and published details of his discoveries in 
the "Transactions of the Glasgow Geological Society." 

Whenever the rock appears "rotten," or the thin 
beds of limestone shale which are frequently "sand- 
wiched" between the limestones seem more than 
usually crumbly, the student should box some of the 
material, and carefully note where he obtained it. 
At home, with the aid of the microscope, he can 
occupy his winter evenings in its examination, and 
perhaps he may thus add to our scanty knowledge 
of Palaeozoic sponges. 

Until we come to the Cretaceous rocks, we know 
almost less of the structure of the Secondary sponges 
than of those Just mentioned. There must be remains 
of them somewhere, and by looking out keenly for 
rocks having a peculiar structure, which the student 
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will soon recognize, he may fill up some of these 
numerous blanks in our information. The Portland 
stone is in places crowded with tri-radiate sponge- 
^icules ; the Kentish Rag ts frequently so full of 
the same objects that it hurts the hands of the men 
irfio work in it. In the rocks of the Great Oolite 
[VLt. Etheridge says sponges abound, nine ^lecies 
t>eing known. 

At Haldon Hill, near Exeter, we ha\-e an outlier 
of Greensand, where a thin layer contains lithistid 
^»onge- spicules very abundantly*. Mr. Carter thinks 
:tfiis bed of sponge-spiculcs may have been formed 
along the sea-floor, after the manner in which a 
wmilar layer of sponge detritus is now forming at 
sea, about one hundred miles to the north of the Butt 
of Lewis, 

The ptrujdcr to be found in most hollow Hints is 
the best kind of material microscopically to examine 
for spicules. Dr. Hinde, who has published an in- 
teresting essay on " Fossil Sponge-Spicules from the 
Upper Chalk," therein shows how much can be seen 
and discovered by carefully e.Kamining only a few 
ounces of this material. Those who have geologized 
on the flints found in chalk strata are well aware 
that the chalky materia! filling the hollow flints is 
of a different appearance, both to the eye and the 
touch, than the chalk itself. Dr. Hinde calls this 
powder " flint-meal " — a term which conveys a capital 
idea of what it is like. Wherever there are chalk 
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flints the student may be sure to find abundance 
of fossil sponges. The hollow ones should have 
their interior contents carefully 
boxed for subsequent examina- 
tion, I have frequently carried 
as much "flint-meal" away in 
a small pill-box as afforded a 
week's work with the microscope. 
Many flints are called "rot- 
ten " by the quarrymcn because 
they are permeated by irregular 
canals, branching off from each 
other like the twigs of a tree. 
Sometimes these canals arc filled 
with "flint-meal," which should 
be carefully collected. The sur- 
faces of the walls of these branch- 
ing canals or passages are always 
rough. It docs not require much 
acumen to see that these are 
due to fossil-branching sponges, 
resembling in shape the Chalinas 
and Halkhondrias of our British 
seas. All geologists are now 
agreed that the flints of the 
chalk formation somehow as- 
sumed their present -ihapes, appearance, and distri- 
bution through the agency of crops of sponges which 
flourished on the ancient Cretaceous sea-bed. Con- 
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sequently the study of the chalk-sponges is intimately 
connected with the origin of chalk-flints, and perhaps 
also with that of " chert" 

No one can work at these flints long without 
feeing that the external shapes of the flint-nodules 
arc very often determined by the shapes of the foasil- 




BnnduDf Sponic, iolxdiltd in flint-iudiile. 



wnges they enclose. In many instances the surfaces 
«f the flints are marked by indications of the enclosed 
nfossils cropping out. This is particularly the case 
■fith the VentricuHtts and the Spotigiles (as Mantel! 
blled them). The latter are the branching sponges 
)rhich cause the flints to be " rotten." In the pita 
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near Lewes, Spoiigiles rainosns may be gathered, 
twelve to fifteen inches long. In many places, as in 




any chalk pit on Salisbury Plain, the collector finds 
that nearly every fiint is " rotten ; " the branching 
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eanals within represent the entombment of sponges 
which have decayed, all but their spicules, now form- 
ing the "flint-meal." The most "rotten," or sponge- 
bearing chalk-flints I ever worked upon are those of 




Flamborough Head, in Yorkshire, and Trimingham, 
In Norfolk. In both cases the fossil sponges arc of 
the kind called Lithistid, the hexactindlid sponges 
tteing rare. The external shapes of /('//(ij//rf sponges 
Vary to an enormous extent, even in the same genus. 
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Generally, however, they arc of a stony character *" 
and solid everywhere, except in the pure white 
chalk. 

The Vcntriculite family of sponges are heJcaciincUid, 
and their shapes and structures are often verj- beau- 




tiful, a slight magnifying power showing a similar 
latticed appearance to that wc admire so much in 
the modern "Venus' flower-basket" {JLupUcteUa). In 
the white chalk of Sussex, Wiltshire, and Norfolk, 
Ventriculites occur in great numbers, VtntriadiUi 
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•adiatus being perhaps the commonest. This species 
frequently forms the nucleus of flints, the flinty 
matter just covering it, and thus assuming its shape. 
The general shape of these Ventriculites is that of an 
old-fashioned wine-glass. The stems and bases of 
such an imaginary wine-glass (when thoroughly silici- 
fied) are the well-knoH'n Choaniles of the " Brighton 
pebbles," A nearly allied and very elegantly marked 
genus of sponges is Coscinipora. If we try to imagine 
a Ventriculite flattened down into the similitude of a 
finger-basin rather than a wine-glass, we shall form 
a good idea of a much larger, nearly related, and 
not uncommon hexactimllid sponge, called Ceplta- 
lites. Other pretty fossil sponges belonging to this 
division are Camerospongia, Caolptyckiiiiii, and Callo- 
dUtyoit. 

The lithistid sponges arc very abundant in some 
parts of the Lower Cretaceous rocks, The principal 
genera are Siphonia, Polypothceia, Scyphia, etc. The 
former genus is perhaps the commonest, and there 
are several species classified as belonging to it. Most 
young geologists are acquainted with the pear-shaped, 
stony heads of a species called Siphonia pyrifonnis. 
Very frequently they break off" the stalks, and we find 
head, stalk, and roots separately. In the "fire* 
stone" of St Catherine's Hill, above the road from 
Niton, Isle of Wight, we may obtain any quantity of 
Siphonia IVebsien ; near Ventnor, S. pyriforme is 
Abundant In the Upper Grecnsand at Farnham, in 
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Surrey, these sponges are very abundant ; but they 
have undergone a chemical metamorphosis, and have 
been eonverted into phosphate of lime to more than 
fifty per cent. On this account they are worked, and 
ground up into artificial manure, or super-phosphates. 
At Farringdon, in Berkshire, and at Warminster, wc 
have the geologically famous "sponge-gravels," an 
ancient sea-bed, with ivhole and broken shells, frag- 
ments of Echinoderms, etc., through which is dispersed 
an abundance of fossil sponges. That called Manon is 
common, and the quarrymcn term it "petrified salt- 
cellar," I have often noticed that when fossils obtain 
popular names, it is a sign of their abundance. In 
the Upper Grcensand at Folkestone, the fossil sponge 
termed Scyphia meandrina is especially abundant 

Polypothecia is one of the commonest of the fossil 
sponges met with in the Green.sand at Warminster. 
It is a branched sponge, allied to those known as 
Spongites, and it puts one in mind of our common 
British Chalina, so abundant along our coasts. When 
found it is usually of a stony texture, but sections 
of it show it to belong to the lithistids. 

One of the most gigantic of probable sponges is 
tliat called Paramoudra, abundant in the chalk near 
Nonvich. There is now little doubt this singular 
object was a sponge. It is frequently found in the 
chalk, always extending upwards in a perpendicular 
fashion to the height of five or six feet, and having 
a basal diameter of two feet. Its appearance Is like 
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that of a series of cups one inside another, the largest 
ones at the bottom, and the smallest at the top. The 
topmost segment is usually crowned with an extin- 
guisher-like cap, at the side of which we observe a 
perforation, which is connected with the traces of 
a pipe running down the centre of the chalky core 
occupying the segments of this peculiar fossil. Each 
segment is therefore hollow, or rather occupied with 
a dense core of chalk. The country people use the 
segments for flower-pots in their gardens, after they 
have removed the chalk>' core. 

Fossil sponges are also obtained by hammering 
the most likely and "rotten" of the flint pebbles 
forming the gravel of the eastern and southern 
counties of England. It is only when wc arc 
familiar with the extent and thickness of these sheets 
of gravel that ure can form an idea of the extent to 
which the chalk has been denuded ; for every one 
of these flint pebbles is a broken-up, rounded, or 
liberated portion of a flint nodule, which was origin- 
ally formed by chemical s^regation in the ooze of 
the Cretaceous sea-bed. 

The comparatively recent application of the 
microscope to rock structures has supplied us with 
abandant tnateiials for generalization. This instru- 
ment enables as to detect plentiful traces of fossils 
wbere, to the naked eye, the rodu appear quite 
destttnte of tfaem. This is partkalaily tbe case in 
limestone beds. Axnoog the moBt nnmerous of die 
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organic remains thus identified are those small and 
beautiful objects, the foraminifera. Microscopically 
small though they are, it is questionable whether the 
bulk of our limestones is not more due to them than 
even to ancient coral-reefs t 

The fossil foraminifera are usually represented 
by small limy shells, or casts of them. The creatures 
to which these belonged were of very low organiza- 
tion, rising scarcely above the zoological rank of the 
little aumbas of our ponds and ditches. These 
minute shells are abundantly perforated, in one 
division, for the passage of spider's-web-like threads 
of protoplasm which proceed from the animal's body ; 
in another division the shells are imperforate. Some- 
times the soft bodies were protected by walls of 
minute sand-grains, The oldest so-called, but much 
debated organism yet recognized, is Eosoon Canadmse, 
and this is regarded as a foraminifer. Wc pass over 
the EozooH, ho\vcver, because its organic nature is 
still held to be doubtful. "Eozoonal structure," as 
it is now termed, is not confined to the oldest Laurcn- 
tian rocks. Professor King has discovered it in the 
Ophite, or metamorphosed Liassic rocks of the island 
of Lewis. It is also abundant in the green crystal- 
line marbles, of Lower Silurian age, in Connemara, 
in Ireland ; and something approaching it has been 
found in Suthcrlandshire. Now, the distribution of 
lowly organized forms can never be safely accepted 
as indicating the age of a rock. Naturalists arc well 
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aware that the most lowly organized animals and 
plants are those which have had the widest dis- 
tribution, both in time and space. It is the most 
highly organized species of animals and plants which 
best mark the geological ages of formations. So that 
the fact of finding " Eozoonal structure " in limestones 
other than the Laurentian, is of itself no evidence 
against the animal nature of the Eozoon. 

In many places such limestones as the Carboni- 
ferous do not show visible traces of fossils. I have 
frequently found, in such cases, that a prepared section 
of such a rock shows it to be unusually rich in 
foraminifera. In some parts of the world limestones 
have been almost wholly composed of the shells of 
these lowly organized animalcules, such as the Fusn- 
liiia Carboniferous limestones of Russia and North 
America, the Ntimmulite limestones, of which the 
Egyptian Pyramids arc built, etc. In England, our 
white chalk is very largely composed of foraminifera! 
remains, chiefly Globlgcriua, represented by species 
which are still living in the Atlantic and Pacific, where 
the recent dead shells arc accumulating and decom- 
posing and forming a similar bed of chalky ooze 
on the ocean-floors. Some species of foraminifera, 
such as the recent Webbina rugosa, have been found 
in the fossil state in the Lias rocks, so that they 
have been in continuous existence ever since. One 
species, Saccamina Carteri, forms almost entire beds 
pf limestone in the north of England and the south of 
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Scotland. This is a tolerably large kind, being nearly 
one-eighth of an inch in length. 

The Carboniferous limestone in many places is 
very rich in foraminifera. According to Mr, Etheridge, 
these arc represented by fourteen genera and forty- 
eight species. The most important genera arc — 
Saccamina, Stachtia, Nodosmella, Dentaliua, Textu- 
laria, Fiisiilim, Calculina, etc. 

The White Chalk, however, is the great storehouse 
of well-preser\-ed and easily extracted fossil foramini- 
fera. These minute shells are especially abundant in 
some kinds of "flint-meal," obtainable from hollow 
flints, as already described. The chief genera of 
Cretaceous foraminifera are — Glohigerhia, Denialina, 
Marg'mulina, Frondiailarw, TexUdaria, Gaudryina, 
Vemeuilina, BiiHmina, Truncattilitm, Rosaliiia, Rota' 
Una, Cristelhrin, Lituola, etc. 

These minute but exceedingly beautiful fossils may 
be extracted from anypieceof white chalk as follows: — 

First, get together an apparatus consisting of two 
ordinary medicine bottles, and about eighteen inches 
of small indiarubber tubing, such as can be purchased 
at any chemist's. Procure a piece of soft chalk, the 
softer the better, and that which has been partially 
broken up by the action of the weather better still. 
Scrape this with a knife to a fine iwwder, and put 
it in one of the bottles, which should not be more 
than about one-tenth full ; then fill up the bottle 
three-parts full of water and shake vigorously and 
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repeatedly ; allow this to stand for sooie lime, and 
then draw off the milky fluid with the siphon. Do 
this again and again, until when shaken up the 
bottle appears as if it were no longer full of a milky ^ 
fluid, but, when placed close to the ej-e against 
a bright light, of small separate grains diffused 
■in the water. These are the treasures we are in 
search of, but they have next to be separated from 
the larger fragments of chalk which have not been 

integrated by the scraping and shaking. To do 
this shake up the bottle, and with the stpbon im- 
mediately draw over water and foraminifera into the 
second bottle ; thus a certain portion of shells to- 
gether with nearly all the ivater is drawn over. Allo«- 
these to settle ; then draw off the clear water and 
repeat the process until ail or nearly all the shells arc 
in the second bottle, leaving the lumps, etc., in ihc 
first; then filter with blotting-paper, and dr^- in an 
1, when they will be ready for mounting, I reckon 
about one pill-box full of foraminifera to a washing, 
and store the preparation dry. Boil them in a test- 
tube with turpentine, and mount in balsam. 

The more solid limestones of the Silurian or Car- 
boniferous age, in which we suspect the presence of 
foraminifera, must of course be treated in another 
way. The student may frequently detect tlic pre- 
sence of foraminifera by means of a good Coddington 
lens. Thin chips of the limestone should be carried 
away, ground on one side, mounted on glass, and then 
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ground on the other side until they are thin and 
transparent enough to be properly mounted for 
microscopic examination. In this way some exquisite 
geological slides may be prepared, 
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Some of the limestones yield even stil! 
more beautiful Radiolarians, although there 
is little doubt that, in some way, the bands 
of chert which run through our Carbon- 
iferous and other limestones, have been 
formed partly through the agency of these 
siliceous-shelled animalcules, for we usually find them 
absent where chert-bands occur, and present where 
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Plcy do not; as if, in the former case, their silicated 
ihells had been dissolved, and the silica drained off to 
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form the chert. This is frequently the case in the chalk. 
Radiolarians and other minute siliceous organisms 
are present iii great abundance, diffused through the , 
chalk where there arc no flint-banda or nodules ; 
whereas the chalk is always freest from them where 
such nodules regularly occur. 

In this manner the student perceives that the 
presence or absence of some of the most minute of 
animal remains may determine the pelrological 
character of the great rock masses which build up 
the continents of the globe. 



CHArTER II. 

FOSSIL CORALLINES. 

Regarding another group of fossils (named after 
Professor Oldham), geologists have long been in 
doubt as to whether they were animal or vegetable. 
Oldfiamia is called a zoophyte, an unfortunate de- 
signation, which often conveys to many people the 
idea that such objects are partly animal and partly 
vegetable. The name was originally intended to ex- 
press only their external resemblances to plants ; but 
It is constantly twisted to signify a hybrid combination 
of animal and vegetable characters. The Oldlianiia — 
the fossil about which I am now speaking — has been 
alternately regarded as a seaweed and a zoophyte. 
Mr. Salter thought that possibly it was a cakareoits or 
linny seaweed, like the common Corallitia officvtalis, 
which may be found abundantly in every rock-pool at 
low water. The latter is undoubtedly a seaweed ; but 
its timy structure and jointed stem caused it to be 
regarded by the earlier naturalists as a Coralline; 
whence its name. Professor Edward Forbes believed 
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that the OWiainia showed, at the articulations of the 
stems, the positions of the minute cells of zoophytes. 
The most likely idea is that this very pretty and 
interesting fossil — the oldest British organic form with 
which we arc certainly acquainted — was related to the 
little "sea-firs" so abundant nowadays along our 
coasts. Indeed, not a few of these Scrtularians (ai 




they arc called) resemble in external shape the Old- 
hamin. The dry portion that remains when the 
zoophytes are dead, is of a homy nature, and formed 
of chitine. This is one of the most indestructible of 
animal substances, and is likely to be preserved when 
others would be decomposed. If the Oldhamia had 
been calcareous, the limy matter would have been 
dissolved away, and few or no traces of them would 
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lave been left. The most probable zoological position 
of the Oldhamia is among the Hydrozoa, of which the 
"sea-firs" (commonly mistaken for seaweeds) which 
may be seen abundantly clustering on the backs of 
lister-shells in any fishmonger's shop, arc the most 
fimiliar examples. The Graptolites, which are so 
numerous in the Lower Silurian rocks, as we shall 
presently see, probably belonged to another division 
of the same class of lowly organized marine animals. 

Two species of Oldhamia are known to geologists, 
each distinctly marked from the other. Both are 
found in the same locality— viz. the Cambrian rocks 

f Bray Head, about four or five miles from Dublin. 
The place is easily reached, and will not soon be for- 

[otten by the geological student The rocks where 
fte Oldhamia occur are beyond the village, and form 
the southern horn of the bay. They are very smooth 
And fissile, and almost of a claret-coIour. The fossils, 
trhich sometimes occur along with the borings and 
traces of marine worms, lie in zones, for certain strata 
yield them more abundantly than others. In the 
heighboiirhood of the bathing-place, where the sea- 
■water appears unusually pure and green in com- 
parison with the claret hue of the rocks, the Oldluimia 
Biay be gathered in abundance. The species antiqiia 
bTso occurs in yellowish shales of the same geological 
l^e, in Carrick mountain, county Wexford, Hitherto, 
both species have been limited to the Cambrian rocks 
i»f Ireland, where, however, they do not seem to have 
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a very wide distribution. The other species {Old' 
hamia radiata) differs from the former in having the 
sctx circularly radiated instead of being fan-shaped. 
It is also found at Bray Point, county Wicklow, and 
the student will there readily meet with it in the 
strata known to all in the neighbourhood as the 
"Periwinkle Rocks." 

Apart from the plea.sure of collecting these neat 
little fossils, the visit to Bray Head will amply 
repay the tourist. It is one of the plcasantest seaside 
watering-places in Ireland. The zoology of the rock- 
pools about the Head is very rich, and the visitor 
interested in this study and geology might profitably 
spend a {c\i days there. Nor would his pleasure be 
marred by the demonstrative gaiety of the humble 
wedding-parties which make Bray their place of 
festivity. The village is easily reached by rail from 
Dublin ; and is especially interesting to the geologist 
as the locality where the "oldest British fossil" is 
found. 

Of the many thousands of species of fossils 
found in the rocks of Great Britain, from the most 
ancient to the most recent, perhaps no group so 
markedly distinguishes a formation as that popularly 
termed GraptoUUs. They are peculiar to the Cam- 
brian and Silurian systems, and have not hitherto 
been found elsewhere ; being most abundant, however, 
in the Lower Silurian rocks. Wherever the Lower 
Silurian rocks ha\e been explored, if they have been 
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nmetamorphoscd so that the fossil remains have 
ilot been obliterated, Graptolitcs have been generally 
£>und in large numbers. Not unfrcquently they are so 
abundant as to form a kind of carbonaceous matter in 
'the rocks where they are enclosed. Their geographical 
distribution is exceedingly great, and, as the)' mark 
, definite geological horizons, no other group of fossils 
} more valuable in enabling us to arrive at the age 
toi the rock-zones where they are found. 

To the palsontologist and zoologist the Grapto- 
Jites are unusually interesting, on account of their 
lesemblance to, and yet marked deviation in structure 
^om, a well-known and widely distributed living 
igroup of marine objects. Moreover, even among 
the Graptolitcs themselves there is a striking dif- 
ferentiation ; a " differencing," however, which has a 
foundation of resemblance to start from. Perhap« 
more papers have been written about the GraptoiHe* 
than any other fossils, not even excepting Trilobites 
and Ammonites ; and not a few workers have come to 
wordy blows about them t This difference of opinion 
has arisen from the endeavour to stretch or expand 
palsontological facts so an to fit them into the natural 
history scheme formed for the purpose of classifying 
and arranging recml animals. Now that the theory 
of evolution has gained ground among our best 
naturalists, let us hope its Christian effect will be to 
remove all accessory causes of " bad blood," by point- 
ing out that, however perfect our cxbting scheme of 
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classification may be for living forms, it is unphilo- 
sophical to expect it will fit with equal accuracy those 
of long bygone periods, when animals frequently 
possessed characters which have since been divided 
among different genera. Indeed, it would appear as 
if the Graptolites were, in some respects, a class of 
those "missing links" which connected two great 
divisions of animal life now distinct from each other. 

The young geological student finds himself in no 
small degree perplexed when he first endeavours to 
find out the zoological relations of the Graptolites. 
Page refers some of them to the true "sea-pens" 
{Pennatula and Virgularia\ with whicli, however, 
they have nothing in common, except the mere 
external resemblance the double Graptolites bear 
to them. The Pmnalulidte arc nearly related to 
those familiar objects of our coasts, popularly called 
"dead men's fingers" {Akyouium digi latum). Other 
writers place the Graptolites among the Polyzoa, or 
"sea-mats." They are now, however, regarded by 
Lapworth, Hopkinson, and others as undoubtedly 
Hydrozon, and very neariy related to the " sea-firs " 
{Seriuiarid<e). They differ from the Sertularians in 
some marked particulars, especially in the possession 
of a solid axis — whence tlieir general name of " Rod- 
bearers " {RkabJop/iom) ; among others, in the posses- 
sion of characters which caused Professor Allman, 
the great authority on the Hydrozoa, to regard them 
as intermediate between the Hydrozoa and Rhhopoda 
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Wr. Hopkinson does not think there is any absolute 
structural difference between Graptolitcs and Sertu- 
larians. and his recent discovery oi gotiotheca (or egg- 
bearing capsules) in Graptolites, similar to those seen 
in Sertularians, has confirmed his opinion. 

In the " sea-firs " (Figs. 38 and 29), we have a horny 
stem, hollow throughout, giving off branches, like a 
miniature tree. These branches arc also hollow, and 




communicate with small cups called Hydrotheca;. In ' 
each of the latter a distinct zoophyte lives, capable of 
slowly putting forth its fringe of tentacles beyond the 
rim, and of withdrawing them again. Each individual 
is connected, by means of the simple fleshy tissue 
- (aenosarc) which fills the hollow stems and branches, 
with every other on the same colony or polypary. 
At the base of each of the small cups is a partition, 
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just separating the individual zoopliytcs. The horny 
matter, it must be remembered, is secreted by the soft, 
simple flesh {camsarc). At certain times there will 
be borne on the branches, homy capsules, much lai^er 
than usual, These are the gonothecs, for the special 
purpose of reproduction, The young ova issue hence 
as little frcc-swimming animals ; some of them to 
assume, during their wandering life — and before they 
settle down to bud and produce a "sea-fir" colony 



Fi<. p,-MsKnil«d culrdei (a) 




— the appearance, and partly also the structure, of 
jelly-fish. 

Now in many respects the Graptolitcs resembled 
recent Scrtularians. First, they were composed of 
a similar horny or chilimtis external substance, which, 
indeed, is all that is left of them in the fossil state, 
just as the entangled masses of the " sea-firs " so often 
picked up along the coast and mistaken for scawcedi^ 
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are all that is left of the living colony of which they 
formed the more solid and endurable parts. The 
Graptolites also were like the Sertularians in being 
compound animals, or rather, a colony of simple, 
kydra-XWfL creatures; whence the name of /^(frc5<'(T. 
the Graptolites, however, the horny cups are 
crowded closely together, so that they are all In con- 




Fig. 31-— Twin Gnplolile <J}ldpitsgrafl«t Mnnhiicn:). 

tact (Fig. 32), whereas in the modem Sertularians 
they arc distinct. In one genus of Graptolites, how- 
ever, the cups arc separate, and from the resemblance 
they have to the teeth of a rake (Latin rashr, a 
rake), these forms go by the name oi RaslriUs. They 
arc usually coiled up like toothed watch-springs, 
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and are among the prettiest of all the Graptolites, 
Their resemblance to the brass-toothed wheels of 
watches is often still further borne out by 
the Rastrites having had their substance 
converted into iron pyrites, the gilt out- 
lines standing forth in very bright relief 
from the surfaces of the black shales in 
which they are imbedded. 
' These toothed projections, seen on the 
(nuemfitd). outer margins of both single and double 
Graptolites alike, arc regarded by most naturalists as 
identical with the cups of recent " sea-firs," or Sertu- 
larians, and therefore as having contained zoophytes 
ivhen the Graptolites were alive. Professor AUman, 
however, doubts whether the Graptolites had cups at all, 
and thinks that these projections were like those seen on 
the embryonic stem of the Lobster's horn Coralline {Ati- 
teiniiilaria), which bear ncniatophores. Dr. Nicholson 
figures the egg-bearing capsules of Graptolites in his 
"Manual of Pala; ontology," and his " Monograph of 
the Graptolitid^l' where he sets fortJi their resemblance 
to the gonodtcca of the Sertularians, He states he 
found them both attached to the branches of the 
Graptolites, and separate, and has no doubt as to their 
being the egg-bearing cases of the ancient Graptolites, 
Neither AUman nor Carruthers, however, assents to 
this conclusion. The former believes that the Grapto- 
lites did not bear egg-cases at all, but developed them- 
selves by budding, just as the banks of that oceanic 
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i-weed called Sargassum are formed. In the 
possession of the cups, perhaps filled with proto- 
plasmic matter, called fioHOtophorcs, Professor AUman 
thinks the Graptolitcs were nearly related to rhizopod 
animals, and thus included characters now belonging 
pi two well-marked groups of marine animals. 




.plDliW '.DIfUgtaflui fTUtU\ 



All naturalists are agreed that the rod-bearing 
Graptolites differed frara the " sea-firs " in not being 
fixed or rooted, as the latter always are. They were 
therefore free, and no doubt gathered in great banks, as 
appears from the usual way in which they arc found 
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fossilized. So far, their development by budding, 
after the manner of the Sargassum, or "gulf-weed," 
would appear to be probable. Mr. John Hopkinson, 
F.G.S., has shown that Graptolites may be grouped 
into two great divisions, in one of which a fibrous rod 
strengthened the outside of the single Graptolites, or 
was in the centre in the double species. This rod, 
Nicholson thinks, was originally hollow, and filled in 
with living material. It must not be confounded, 
however, with the hollow space {carnosarc) communi- 
cating with each cup, which was undoubtedly filled 
with the " common flesh." The Graptolites which 
possessed these rods are called R/iabdop/wres : a\\ of 
them were free and unrooted. But there is another 
distinct group of Graptolites of simpler structure, 
always branched, and "dendroid," or "tree-shaped," 
like the Sertularians. These arc termed Cladophora, 
by Mr. Hopkinson, who has shown that they were 
fixed or rooted, like the "sea-firs," and probably were 
very similar to them. 

The reader who perceives the nature of the discus* 
sion which has contributed so many opinions to the 
natural-history relations of these interesting fossils, 
will arrive at the conclusion that tJieir nearest living 
allies are the " corallines," or " sea-firs " {Serliilaridie), 
although they probably had strong affinities with a 
group of animals even lower in organization than the 
latter, namely, the Rhizopoda, of which Sponges and 
Foraminifera are examples. 
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Mr. Carmthers published a " Revision " fnow 
^obsolete, however), in which the leading types of 
Graptolitcs are grouped as follows, beginning with 
Rastrites : — In this genus the polypary consists of a 
simple, slender, hair-like tube, from which project a 
1 series of detached cups {Jtydrothecs). (3) The old 
Kd^enus, which was named by Linnaeus Graptolilkus. 
^■This has given the popular name to the entire group, 
H.In it the polypary is simple, and the cups are so 
Htiiickly grouped along one side that they are all in 
Vcontact with one another (Fig. 31). (3) The genus 
named Crytograptiis by Mr. Carruthcrs, in which the 
polypary grows in one direction, and gives off simple 
or compound branches at intervals. (4) The genus 
^^ Didymograptits. In this we have, as it were, a twin 
H Graptolite, of a forked shape, with the cups arranged 
within the fork (Fig. 31). The symmetrical forma 
assumed by the coupled branches, or polyparies, are 
various in different species. (5) Dickogmpttis ; a bila- 
terally branched, and rebranched genus of Graptolites. 
(6) Cladograpttis ; another compound or bilaterally 

► branched genus. In this the branches often give rise 
to other irregular branches, the first part of the name 
signifying a branch. (7) Deiuiregraptus is a much- 
branched, "tree-shaped," and rooted Sertularian-like 
Graptolite, with a thick main stem. It belongs to 
I the Cladopkom. (8) Diplograplus (Fig. 33). In this 
Ltiie cups are arranged on each side the axis, so as 
» present the appearance of two single Graptolites 
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being placed back to back. (9) CHmacograptui 
genus so named by Professor Hall, of America, in 
which the polyp ary has a double scries of cells 
hollowed out of the outer covering, (ro) Lastly, wc 
have Dkranogyaptus ; having double rows of ceils in 
the lower part, with branches possessed of only single 
rows of cups or cells. 

In the Arenig rocks of Ramsey Island, the 
dendroid forms seem to be tolerably abundant, and 
Mr. Hopkinson has shown that these have a nearer 
relation to the species of Graptolites in the Quebec 
group of Canada than any other found in Great 
Britain. The bilaterally branched or double form 
of Graptolite seem to be peculiar to the Lower 
Silurian rocks ; whilst the fewer species met with in 
the upper strata arc usually of a simpler character. 
Some compound forms seem to have attained great 
length ; thus, a species of Pleurograptus has been 
traced over three feet long, although even this does 
not seem to have been the full size. The Skiddaw 
Slates were formerly believed to form ihe lowest 
horizon where the Graptolites were met with, but 
Mr. Hopkinson's discovery of them, lower down in the 
Arenig rocks, not only extends their antiquity, but, 
owing to the similarity of type between the Arenig 
species and those from Quebec, suggests that their 
geographical distribution into colonics occurred later 
on through the subsequent geological changes which 
took place. Still older species of Graptolites have 
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been discovered by Dr. Callaway, in the Upper 
Lingula Flags, and one is named Bryograptus CaUavei. 
Another genus is Clonograptus, found in the Shineton 
shales of Shropshire. 

One of the very best hunting-grounds for British 
Graptolites is Dumfriesshire. That county is largely 
underlaid by Lower Silurian rocks, originally deposited 
along the floors of ancient seas as so much marine 
mud. Little did the numerous Graptolites know that 
they were forming no insignificant part in laying 
down the foundations of the " Land of brown heath 
and shaggy wood ; " a land to be uplifted for ages 
above sea-levels, on which the storms and atmo- 
spherical action of thousands of centuries would be 
expended, until its surface had become carved into 
hill and dale, lake and valley, gorge and glen, over all 
of which genius should throw the halo of cver-ciidur- 
ing romance ! This wild land teems with as many 
relics of the semi-barbarous mediaival human period 
as it does with primeval fossils. The heroes not only 
of Scott, but of many an unchronicled feud and deed 
of daring, have sought shelter in glens and linns 
where the black shales through which these had been 
cut were crowded with pyritized Graptolites. At 
Mofiat, for instance, the black shales of the Silurian 
rocks abound with these interesting fossils. Owing 
to the softish nature of the shales, and the way in 
which they allow water to ooze through their joints, 
many of the glens in them are well wooded, and 
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rich in flowering plants. In the shales there DipIS' 
graptus pristis and CUmacogyaptus rectangularis are 
abundant, the latter species particularly so. 

The neighbourhood of Moffat, also, is good ground 
for Graptolites. Many new species have been recently 
described from this district. At Hart Fell such forms 
as Diplograpliis pHstis, D. foiiacais, D. mmronatus, 
Dkelhgraptus, Dicranograptus sextans, and many other 
commoner forms occur. In this remarkable region, 
rendered classic by Burns and Hogg, the geological 
student cannot cast His eyes in any direction without 
recognizing some kind of geological agency or another. 
All the hills hereabout show traces of glacial action. 
In rounding, striffi, or othenvise. Burns' " Craigicburn 
Wood " lies itself in the heart of the graptolitic shales ; 
whilst the student of Scott's " Red Gauntlet" wiil hardly 
fait to recognize the graphic scenery delineated in 
that novel, in his additional wanderings after fossils. 
Birk Hill is one of the best places in Dumfriesshire 
for Graptolites of all kinds, Glcnkiln Burn is another 
equally good hunting-ground, where, perhaps, the 
largest specimens of Pletfrograpttis arc to be un- 
earthed. Garple Linn, Duff-Kinncl Burn, and Dob's 
Linn are other rich storehouses of Graptolites. The 
latter spot is a waterfall sacred to the memory of 
two Covenanters, who arc said to have been much 
annoyed by Satan. If these two worthy Scots had 
been looking for Graptolites, they would not have 
been troubled by such a personage. 




FOSSIL CORALLINES. 



St 



These Moffat Graptolite-bcaring shales are the 
oldest fossiliferous strata in Scotland, and they attain 
a total thickness of six hundred feet. They have 
been grouped by Professor Lapworth into three divi- 
sions, called KirkhiU shales, Hartfcll shales, and 
Glenkiln shales ; and each division is split up into 
" zones," marked by the presence of certain charac- 
teristic species of Graptolites. These divisions of the 
Graptolite shales have been recognized by geologists 
elsewhere, as in North and South Wales, etc. 

The shales in which Graptolites occur arc nearly 
always of a black colour, and these beds arc usually 
distributed in long lenticular areas through othcnvisc 
unfossilifcrous rocks. 

Burns' own county of Ayrshire is not without 
various geological attractions, although the scenic 
features arc not on so grand a scale as elsewhere, 
In the metamorphosed Lower Silurian slates of Cairn 
Ryan wc meet with abundance q{ Dipbgraptus pristis. 
The Girvan district has long been famous for its 
Silurian fossils, and recently Messrs. Etheridge and 
Nicholson have published a splendid monograph upon 
them. Nearer home, Graptolites are very abundant 
in the black shales which crop out in the basement of 
the little gorge on the top of the hill just above Low- 
wood, on the eastern shores of Windermere, and not 
more than a couple of miles from Ambleside, They 
are found on almost every piece of shale, Diplograptiis, 
Rastrites, GraploUtJius, etc., all of them beautifully 
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pyritizcd. From the base of the gorge, where these ' 
fossils may be hammered out in abundance, we 
gain a magnificent view of Windermere, set in its 
rich framework of green woods, greener than arboreal 
vegetation anywhere else in Great Britain ! The geo- 
logical eye takes in the rounded rocks which lie out- 
side the woody belt, and does not pass by the heaps 
of morainic matter which frequently form the eastern 
coast-line, Ice-action speaks forth plainly from every 
part of this district. 

or course, the Lower Silurian rocks, so well 
developed in North Wales, are not in many places 
bad Graptolitc stores. In the easily identified black, 
slaty shales which crop out in the railway cutting 
near Conway station, and banks of the Sciont, near 
Carnarvon, the young collector may find .sufficient 
to satisfy all his cravings. In various places around 
Welshpool, as at Fflyrnwy, near Llanfair, the flag- 
stones abound in Graptnlites. The slate-quarries of 
Llansantfraid, Denbighshire, are famous for them, and 
the geological tourist may find Diplograpius pristh in 
great numbeis, associated with other familiar species. 
In the black shales which crop out in many places 
near Builth, and in the bed of the Wye, Dkellograpiiis 
and Clhnacograptus are in profusion. It «ill be seen, 
therefore, that in South Wales, as well as the north 
of the Principality, wherever the Lower Silurian 
rocks are well developed, and especially where the 
shales have a black, finely laminated appearance, 
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Graptolites may be looked for with e\'«i>' prospect ol 
their discover^-. 

The black shales at Garth, near Portmadoc, which 
belong to the Upper Arenig rocks, are in places 
crowded with Graptolites. The richest locality in 
South Wales is perhaps Ramsey Island, where, in the 
dark shales forming the cliffs, there are plenty of Phyl- 
lograptits, Callograpttis, Plilograptus, and Tetragraptiis, 
The promontory of St Da%'id's is now known to con- 
tain them, especially at Llanvirn and Whitesand Bay. 
Abereiddy Bay is a good locality for finding Didymo- 
graptus and Dicellograplus. At Tarannon, in North 
Wales (a lovely neighbourhood to select for a walking- 
tour), no fewer than twenty-three species of Graptolites 
have been met with, distributed through five genera. 

The Skiddaw and Keswick district is usually rather 
poor in fossils, although to the geologist this is atoned 
for by the physical geology being among the most 
interesting examples in Great Britain ; whilst for 
beauty and diversity of scenery, it would be difficult 
to find its equal in our land. la the black slates, ihc 
geological student should look closely for Graptolites, 
No fewer than twenty-seven species have been obtained 
thereabouts. At Coniston, in the easily recognized 
" mud -stones," we find another colony of Graptolites, 
of which twenty-five species have been described. 

The Ludlow shales, in the Upper Silurian rocks, 
saw the last of this ancient and easily identified group 
lOf fossils. Only one genus of the Rhabdophora 
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{MomgraptHs) is there represented, but eight species 
have been recognized as belonging to it Of the 
Cladcphora there arc several species of Dendrograptus 
and Plilograptus. The Wenlock shales are the home 
of Cyrtograptus, which may be found at Builth, and 
in the Pentland Hills. 

At Key's End Hill, Malvern, and also near Port- 
madoc, we find an abundance of another pretty fossi 
coralline called Dictyonema sociale. In the Carbon- 
iferous rocks we find Palmocotyne, and other probable 
corallines, 

Graptolites must be sought for where the black 
shales crop out, and these are usually amid the 
grandest or the prettiest and loveliest bits of river, 
hill, and mountain scenery. Nature holds forth charms 
of her own to tempt the geological student from the 
busy haunts of men to the quietest parts of her sanc- 
tuarj', where she deigns to unfold the mysteries that 
were originally hidden for him when "the foundations 
of the earth ivere laid." 
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FOSSIL CORALS. 




I 



pERHArs no fossils have such a geological value as 
corals. If extinct species were marked by the same 
habits as their modern representatives {and in many 
cases the families of living corals arc so ancient, and 
the extinct forms glide so imperceptibly into existing 
kinds, that there is no absolutely strongly marked line 
of division), then their value to the physical geologist 
who endeavours to restore the conditions of primeval 
seas is immense. For coral-animals can only flourish 
where the sea-water is clear, and therefore where no 
muddy sediments are forming. Coral-animals are 
easily separable into two groups — the single or 
simply compound corals, which are usually inhabitants 
of deeper water ; and the rccf-building corals, which 
cannot live and flourish beyond the depth of twenty- 
five fathoms. Moreover, according to Darwin, coral 
reefs indicate to the physical geographer slowly sub- 
siding areas of the sea-floor. They are also indicative 
of a certain degree of ocean temperature, for we do 
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not meet with them where the sea-water is cooler than 
62°, and therefore the sub-tropical belts of our globe 
now roughly comprehend their distribution. But we 
find fossil corals of all kinds — simple, compound, and 
rccf-building. They are characteristic of many thick 
limestone formations, from the Silurian upwards. Wc 
have in the British Islands abundance of fossil reef- 
building corals, where their modem representatives 
could not now live. What climatal changes these 




valuable fossils indicate! Not less important arc t 
conditions of the ancient seas they lay before t 
carry our minds back to a period when there were coral 
islands, fringing-reefs, and barrier-reefs in British seas. 
These reefs also tell the geologist of the adjacency 
of land, and inform him of the fact that the sea-floor 
was in a state of subsidence. 

Moreover, few fossils are prettier, more easily pro- 
curable, or look better in the cabinet, thaa corals. 



i 



FOSSIL CORALS. 

They arc found in nearly every marine limestone 
formation. No other fossils can be so well studied, 





cut Into sections, and examined under the microscope. 
And they are so- very abundant that the limestone 
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walls in the hilly districts where Silurian, Devonian, 
Carboniferous, or Oolitic limestone crops up, are often 
composed of little else than blocks of fossil coral. 

We are beginning to understand the true relationship 
of living and extinct corals better than we did, thanks 
to the labours of Dr. Sorby, Professor M. Duncan, 
and Professor H. N. Mosely. Formerly these animals 
(classified chiefly by the stony or limy parts they leave 
behind) were all grouped among that order of the 
Acti/iosoa called Zoant/iaria, of which the common 
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sea-anemone is a type. The order Zoantkaria was 
split up into three divisions, called Tabulata, Ru£Osa, 
and Aporosa. It was thought the two former were 
Palaeozoic types of corals, and the third of Neo- 
zoic and Recent corals. Let us examine the funda- 
mental difference of these three groups. The tabulate 
corals arc remarkable, and, indeed, obtain the name 
which distinguishes them, for the partitions which 
seem horijontally to split them up into chambers. 
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They are compound corals, whose shapes are modified 
by the manner in which they grew, so that some are 
polygonal, or many-sided, and others oval or round. 
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The most remarkable of these tabulate fossil corals 
are HelioUtes, Favosites, the pretty " chain-coral " 
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i^Halysites), Syringipora, etc. It will be seen from 
Fig. 36, which shows a magnified section of a very 
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abundant Silurian coral {Favosites Gothlandicd), thaE " 
the coral-pipes — as wc may call them — are separated 
into horizontal chambers. The walls are perforated, 
as they are in some of the Alcyonaria, possibly for 
transverse canals. It will also be seen that the interiors 
of the corals are not radiated — that is, have not those 
vertical plates springing from the walls which arc 
called septa; or, if they are present in Tabulate corals 




they are very feebly marlvcd. This general absence 
of septa is the leading distinction of Tabulate corals. 
Professor Mosely thinks that most, if not all, of this 
group are in reality not Zoantharians, or true corals, but 
Alcyonarians, of which the recent common Organ-pipe 
coral {Tubipora mnska) is the best example. Some 
of the so-called corals, as the Millcpores, he proved 
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not to be corals at all, but demonstrated they actually 
belong to another class, the Hydrozoa. In other words, 
they are the remains of colonies of animals allied to 
Scrtularians, but possessing limy structures, instead 
of the chithious or horn-like material which composes 
the solid parts of our " sea-firs," Professor Mosely shows 
there is r ' ' ' ' " ' ; of 
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modern Millepores, some of the zoophytes catching 
the food and others digesting it, after they have 
received it from the catchers. This is the case in 
Stylaster, where the food-catching zoophytes much 
resemble the tentacles arranged round the mouth of 
the common sea-anemone. 

The abundant recent coral Heliopora cicnika 
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(whose specific name comes from the bright blu6* 
colour of the stony structure, which in other modern 
corals is usually white) is an Alcyonarian, more 
nearly related to some sea-fans than to true corals. 
It is plentiful in equatorial seas, and especially off the 
Bermudas. It has not indistinct traces of septa. The 
genus of fossil corals called Helioliles, abundant in 




the Silurian and Devonian limestones, does not differ 
in any important particular from the living HcHopora, 
and, like it, no doubt belonged to the Alcyonaria. 

The division of fossil corals called Riigosa, on the 
other hand, is distinguished by well-marked septa, 
radiating from tlic coral walls towards the centre, in 
the pretty star-shaped fashion which caused Cuvicr to 
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group these objects, along with others similarly star- 
rayed in their shapes, into tiie sub-kingdom Radiata, 
now no longer accepted by naturalists. In this 
radiated structure, therefore, the rugose corals re- 




semble the aporose corals. But whereas the tabulate 
and rugose corals (with few exceptions) are limited 
to Palaeozoic rocks, the aporose corals are peculiar to 
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those formed since then. Again, the septa, or radi- 
ating plates, of the rugose corals are in multiples of 
four, whilst those of aporose corals are in multiples of 
six. Besides this means of distinguishing the aporose 
corals from any of the others, the fact that they 
never have (abulm — that is, are not divided into hori- 
zontal layers — is another important distinction. When 




the tabulate corals have only faint traces of septa, 
we can still see they arc in multiples of four, and they 
thus show their structural relationship to the Riigosa. 
Dr. Sorby has shown that the tabulate corals are built 
up of calcite, whilst the Neozoic and modern corals 
are formed of that Umy structure known as arragonite. 
It may be that the Rugosa arc descended from the 
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Tabiilala, which would at once make it clear why the 
tabulate corals appear in such numbers of species and 
individuals in (he Silurian and Devonian seas. In the 
Carboniferous rocks the most numerous corals are the 
rugose kind, in which the radiated structure is very 
plainly visible, as in Ltthostrotion juncciivi, etc., of 
which we give illustrations of the transverse appear- 
ance ihey present when cut and polished. For some 
of my illustrations I am indebted to Mr. James 
Thomson, F.G.S., of Glasgow — one of the most 



enthusiastic and diligent students of Paleozoic fossil 
corals in Europe. I have already said that the 
numerously represented fossils called Stromatopora — 
abundant in our Silurian and Devonian limestones — 
are now believed to be calcareous sponges, or sponges 
whose abundant limy spicules amalgamated into the 
concentric rings characteristic of their structure. This 
structure may be studied in any polished mantelpiece 
formed of Devonian marble from the quarries of 
Newton .'\bbot and the neighbourhood. By far the 
prettiest of the Palxozoic fossil corals arc thooC 
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belonging to the Rii^osa, such as Strombodes, Cya- 
thophyllnm (perhaps the most plentiful of them all), 
Cyatliaxiiiia (a simple coral), LUkostrot'ion, Litho- 
dendron, etc. Perhaps the single coral which may 
be regarded as the simplest in structure is Am- 




plexus, and there is reason for believing that m 
more elaborate fossil corals pass through a kind of 
Amplexus stage. 

A fourth division of corals is termed Perforata 
(Fig. 49.) Thes3 arc the familiar twig-like, branched 
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corals, whose surf 
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whose surface breaks out here and there Into 
"flower-like calyces, and whose tips usually terminate in 
the same sort of objects. The entire structure is dis- 
tinguished by its light and porous character — whence 
the name of the group. In spite of their apparent 
fragility, we find them living amid the most violent 
of seas, for their rapid growth enables them to 
withstand the destructive effects which would other- 
wise break them up. The division Aporosn did not 




make its appearance in Primeval seas, but is first 
observed in strata of the Secondary period, although 
its species are most abundant in the present epoch. 
The Perforata are feebly represented among primary 
ibssils by Silurian and Devonian genera, such as 
Protarm and Plairodiclyum. Perhaps the modern 
Perforata are better known by their common name of 
'Madrepores. 
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Thc intervening spaces in the branched or arbore- 
scent corals, between where one (lower-like calyx is 
seen and another, is called the ccenenchyma. They 
arc the equivalents of the "inter-nodal spaces," or 
distances which separate leaves from one another, in 
the branches of a tree, It is the rapid porous growth 
of these parts which enable such compound corals t 




stand against a good deal of marine wear-and-tear. It 
is these parts, also, which bind the various corallitcs 
together into one colony. In deep-sea corals this 
crenenchyma rarely exists as a means of rendering 
them compound, but a different method of "com- 
pounding" takes place. OatHna is said to be the 
only large coral now found in northern seas; but our 
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itish rocks, especially the Carboniferous limestone, 
.are in places almost entirely composed of corals, reef- 
building, deep-sea, and shore-loving species. 

There is often a difficulty in recognizing which 
of the fossil corals were "reef-builders," and which 
were not. For it docs not 
follow that because the fossil 
corals arc of a compound 
character they were therefore 
engaged in the work of recf- 
building. Perhaps the safest 
plan is to trace the existing 
genera of reef-builders as far 
back in geological time as we i'™""""-- 
can, or at any rate to compare the fossil kinds with their 
nearest living representatives. Few genera are more 
distinctively " reef-builders " than the Aslrcea, whose 
characteristic star-like arrangement of polypes or 
corallites (the latter often .so close together that they 
press each other into oval or polygonal shapes), has 
given to this genus its distinctive name. The wide- 
spread geographical distribution of the genus Astnra, 
and the fact that it is engaged, in areas separated 
by enormous geographical distances, in reef-building, 
would be an incidental proof to a geologist of its 
geological antiquity, even if this genus were not found 
in our Upper Silurian and Devonian limestones. Thus 
Astraa rotulosa (Fig. Jo) is a living species of this 
interesting genus of corals found abundantly in West 
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Indian seas, where it is met with in coral-reefs, and 
masking and adhering to natural rocks. Astnea 
favosa (Fig, 51), on the other hand, is pecuUar to the 
East Indian seas, where it is hardly less abundant. 
Astr^a ananas (Fig. 52) is a common fossil in the J 
Silurian limestone at the Wren's Nest, Dudley, in the 1 
formation of which wc can hardly doubt that it and 1 
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its compeers took a considerable part. For Piofcssor 1 
Owen tells us that the Wenlock Edge, in Shropshire, 
belonging to the same formation, is nothing more or 
less than an ancient coral-reef thirty miles in length I 
The Plymouth limestone belongs to the Devonian 
period, and in it we find this and other genera of reef- 1 
building corals ; and many of our best palreontologista j 
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the opinion that this limestone is nothing more 
than a Devonian corat-reef skirting the old land- 
legions composed of Cambrian and Silurian rocks. 

Hunting for fossil corals in the older rocks implies 
visits to some of the most picturesquely romantic 
■pots in Great Britain, with here and there a little 
variation in some localities whose ancient loveliness 
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Kbas had to give way to the deforming ugliness of 
' extensive mining or manufacturing operations. This 
is the case with the Wren's Nest, near Dudley, formed 
of a romantic cluster of highly inclined Upper Silurian 
' limestones rising from beneath the Coa! formation 
k which extends up to their very ba.sc. These limestone 
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slabs are hard, as if the soft organic matter of the 
molluscs and corals, whose hard parts almost wholly 
make up the rocky mass, had thoroughly permeated 
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it, and thus produced a simitar induration to that 
cflccted by sculptors, when they boil tlieir porous 
plaster casts in oil to render them tougher and morOJ 
durable. But hard as Uic Dudley limestone is, thi 
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isU corals arc harder, and as the faces of the slabi^ 

■ weathered, the fossils stand out m high relief. 

To a young geologist who is fleshing his maiden 

mraer, such a sight as is here presented produces 

effect not likely to be forgotten during life. 

ids upon myriads, here 

I lie entombed the cxuvia; of 

f primeval seas ! No museum 

•in the world could attempt to 

vie with these almost bare c 

lichen-covered slabsforvariety 

Mand abundance of organic re- 

Hmains. Hours can easily be 

•spent in climbing from crag to 

■ crag, in and out of the brush- 

W wood which is irregularly 

growing where the layers of soft slate are intercalated 
between the limestone slabs ; and one forgets that 
the wide-stretching plain at the foot of the " Nest" i^ 

^ superficially crowded with ironworks, manufactories 
of all kinds, forests of chimneys (many of tliem out of 
the perpendicular), colliery works in various stages 
of mining development as to the modern character of 
their pit gear, and densely packed regular or irregular 
Lrows of unpicturesque-looking houses. The walls of 
3ie old castle look over this modern scene of energy 
ind mechanics ; and the old and the new, even in 
^uman history, arc thus brought into strange juxta- 
tosition. 
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Leaving out other fossils, the student may find at 
the Wren's Nest, or in the quarries opened in the lime- 
stone, abundance of such corals as Favositcs Gothlan- 
diea, F. polymorp/ia, etc., and various species of such 
characteristic Silurian corals as Omphyma (in great 
abundance), CystiphyUum, Pontes, HclwHtes, Paicsocy- 
cliis, Cobimnaria, HalysiUs (the well-known and very 
plentiful "chain-coral"), Slrombodes, Cyathophylliiiii, 




etc. Not unlj- i3 Uicic an abundance of species of 
fossil corals, simple and compound, but of genera and 
species as well. Compared with this wealth of Zoan- 
tharian life, our modern seas are quite poverty-stricken. 
All that even the warmer waters of our Devonshire 
and Cornish coasts can now support are a few pretty 
but insignificant corals, the largest of which is Caryo- 
phyllia, a genus which first appeared in the seas of the 
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lobe during the formation of the Wcnlock limestone, 
and has been in existence ever since. Another recent 
British coral is the little BalaiiophyUia regia. Both 
these British corals may be seen in the living state 
in the small tabic tanks at the 
Crystal Palace and Brighton 
[uaria, and a brief examina- 

m of them will enable the 
student to form a good idea of f«. •^.—Bauiafhrnim rma, n 
how the hard calcareous sub- 
stance which remains as "coral" is secreted by the 
Investing flesh. He will also be able to restore, in 
magination, the vivid and many-coloured appearance 
Resented by the sea- 

lors of the Palnozoic 

K)ch, when corals were 

1 abundant, from the 
^nts and colours which 

laractcrizc the flesh of 
living coral-animals. 
A quieter place for 

ssil coral-hunting than 

>udley is the ncigh- 

lurhood of Wenlocic, in 
Shropshire, where that 

division of the Upper V\t.S').~Om/J.ymn,i./-l»rH.mM,:,tomnot\ 
, "^^ biluriai. fovsil CoriJ. 

Silurian formation 
ailed "Wenlock limestone" crops up, and whence 
t has derived its name. No better place would be 
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found for a short tour, and fossil-collecting might 1 
agreeably diversified by a little archeology, which the 
old Norman abbey, etc., of the town would afford. 
All the fossil corals mentioned z.i abundant at Dudley 
are also to be found in the neighbourhood ofWenlock, 
with the addition of the beautiful Lonsdalia Wcn- 
lockensis. Benthall Edge, about two miles distant 
from Wenlock, is a famous place for fossils, and 




corals arc there especially abundant, and in excellent 
preservation. It overlooks the Severn, and the busy 
but still picturesque Coalbrook Dale. VVcnlock Edge 
is interesting to the physical geologist, for it stands 
up from amid the softer Wenlock shale. As might 
be expected, the greater case with which the latter 
has yielded to weather action has caused it to be 
denuded into the plain which it now underlies. How 
abuntlant the fossil corals are in the limestone here 
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■tnay be gathered from Professor Owen's statement 
just referred to, that " Wenlock Edge is itself a coral- 
reef thirty miles in length," Nearly all the fossil 
Upper Silurian corals figured and described by 
Edwards and Haine in the publication of the I'alxonto- 
graphical Society are found in the neighbourhood of 
Wenlock, There arc plenty of quarries about, and 
the student finds abundance of materials of all kinds. 
From Wenlock, the geological wanderer makes 




! way to other classic grounds, whose names are 
hmous to the reader of " Slluria," The various sub- 
divisions of the upper beds crop out over a large 
extent of Salopian country. Among localities to be 
specialized is Aymestry (a place which has given its 
lame to one of the uppermost Silurian beds). Craven 
^rms station, near Church Stretton, is a capital place 
r the student to make for, If he wishes to be placed 
t once on Silurian ground. The Aymestry limestone 
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is seen rorming the boM hills of View Edge and 
Stokesay camp, and the limestone in places literally 
abounds with the well-known and characteristic fossil 
brachiopod Peniamerus Knighlii. The Garden House 
quarries at Aymcstry are capital collecting grounds. 
Indeed, a good many of the fossils figured by Sir 
Roderick Murchison in his "Silurian System" were 
obtained at these quarries. Nearly every village in 
the neighbourhood has several outcrops of or quarries 
into the rocks, where fossils may be abundantly 
hammered out, The commonest of the fossil corals 
are CyalUophyllum (often well known among the 
quarrymen and others by the name of "petrified 
ram's horns," in allusion to the irregular way in which 
the stony corallum usually twists), Helioliles inter' 
sfiiicius, Halysitcs, and Omphyma (one species of 
which, C, subturbinata, is a very widely and plentifully 
distributed Silurian coral). 

The Malvern Hills also afford several noticeable 
localities where the Silurian .strata yield fossil corals. 
In Eastnor Park, just beneath the picturesque 
Herefordshire Beacon — one of the loveliest spots in 
that picturesque district — wc have hammered out 
some splendid corals. Should the geologist pedes- 
trinatc this park towards the end of March, he will 
sec such a wealth of wild Daffodils as even Words- 
worth's poem does not give the faintest idea ofl 
The Woolhope Valley should also be mentioned, 
■•nd here the commonest corals to be c.xhumcd are 
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Huphyma (several species), Cyatftophyllum, HalysiUs, 
Zapkrentis, Aslrtsa, etc. The beat localities there- 
abouts are Checkley Common, Dennington, Warslaw, 
and Dormingtoii (the limestone at the latter place 
appears to be simply an ancient local coral-reef, 
crowded with " chain-coral " and FavosUes Gothlan- 
dica ; it is wonderfully full of fossils of various kinds). 
At May Hill there are several quarries, in which the 
" chain-coral " {Halysitcs catenulatus) and Favo- 




T7tiies gothlaiidUa arc abundant. The Silurian rocks of 
the Malvern Hills are neariy everywhere plentiful in 
fossils, although evidences of the reef-building corals 
only occur here and there. The following are all 
Capital collecting grounds: — Nctherton Valley, Stones- 
way, about Ncnning's Farm, Cohvall Copse, the 
quarries along the Marthon road, Martlcy, and Blais- 
don Kdge (where extensive quarrying of the Wcnlock 
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limestone is carried on). Nor should the picturesque 
town of Ledbury be neglected — with quietest of old 
English suburbs, the whole 
town set in a framework 
of woods and wooded hills. 
The latter are frequently 
: pierced by quarries, from 
which numbers of fossil 
corals, characteristic of the 
Upper Silurian formation, 
may be obtained. To feel 
'"■■ liow delicious is the quiet 
seclusion of a town like 
tliis, the pedestrian should enter it about two o'clock 
some summer's afternoon ! 

The lateral foldings of the Upper Silurian strata of 
North Wales have frequently obliterated the organic 
remains, or left them represented by only feeble im- 
pressions. Of course, except a few single and solitary 
corals, we should not expect to find — nor do we find 
— fossil corals abundant in any other than limestone 
deposits, all other strata being formed in more or less 
muddy water, as the nature of the sediments shows; 
whilst coral animals arc noted for their love of clear 
water, and their dislike to turbid. Hence in such beds 
as the Bala limestone wc frequently find abundance 
of fossil corals. One of the best localities I know of 
in North Wales is Mynydd Fronfrys, a few miles from 
Llangollen. 1 n an old quarry along the Osweslrj' road 
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I there is a perfect feast of fat things in the shape of 

r abundant and beautifully preserved Silurian fossils; 

' and the spot is so quiet, and in the midst of such 

delightful and little-visited Welsh scenery, that my 

readers would be thankful for directing them to the 

place, if it were for that alone. 

The Coniston limestone, which runs an irregular 
course through the Lake District, is in places full of 
fossil corals, as at Sunny Brow and Long Steddale. In 
the neighbourhood of the little town which gives to 
this stratum its name, may be obtained MoiitkuHpora, 
Stefiofora (or Favosites) fibrosiis, Petraia, the latter 
now known to be only natural casts of CyathophyUum, 
etc. The fossil coral HelioUtes megastoma found in 
this bed is remarkable for its well-developed scptse. 
Some lovely spots may be found where there is good 
geologizing on these beds. One of the best I know 
is on the road to Troutbeck, near Windermere, This 
road crosses the hill where the limestone crops up, 
and the walls by the roadside are formed of the 
local rock. They are perfect museums, but, numerous 
though they are, all the fossils occur as casU or im- 
pressions ; and the rock is often quite " rotten " from 
the abundance of these casts. This is due to the 
lime (which formerly entered into the composition 
of the fossils) having been gradually dissolved away 
by the rain-water which has been percolating these 
fossiliferous rocks ever since they were converted 
Into dry land. Among the most abundant of ihc 



8j oik common liK/TlSU FOSS/tJ:. 

fossils is Fai'ositts fibrosus. perhaps the oldest known 
British species, and one of the widest distributed of 
all Silurian corals. Many varieties of it are known, and 
among others one which is seen encrusting univalve 
shells as if it had destroyed them, after the fashion 
which is still practised by some mechanically parasitic 
zoophytes in modern seas. The stone walls on and 
about breezy Applethwaite Common are often full of 
small kinds of fossil corals, as impressions of Cyat/to- 
phyllum, Favosiies, HelioliUs, etc. 

Tlie Caradoc rocks contain by far the largest 
number of species of fossil corals of any of the older 
Palaiozoic rocks, about forty-two different kinds 
having been described. One remarkable fact concern- 
ing these ancient corals is that wc often find one 
genus represented by only one species. This is par- 
ticularly the case in the Upper Llandovery rocks, 
where, out of sixteen genera of fossil corals, no fewer 
than eleven have only one species each. 

A very rich development of corals seems to have 
taken place during the period when the Upper 
Silurian and Middle Devonian limestones were de- 
posited. No fewer than seventy-six species have 
been obtained from the Wenlock rocks of Great 
Britain alone; whilst from the Devonian strata fifty- 
two species have been catalogued. The Carboniferous 
limestone, however, appears to have been deposited 
when the ancient coral fauna had reached its 
greatest development, for one hundred and forty-one 
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lies have been enumerated from this formation 
ne! 
These numbers, however, do not convey to the 

lind of the student such a clear idea of the relative 
lundancc of fossil corals in the older rocks, as he 
m get for himself by geologizing in two or three 
ilities where corals are abundant. 
Mr, Etheridgc thinks that during no period in the 
physical history of the British Isles has there been 
such a remarkable assemblage of corals as when the 
Middle Devonian rocks of North and South Devon 
rere formed. Out of fifty-two species not one passes 
the Carboniferous formation, and none are common 
to the Silurian rocks of any area. The limestones of 
Torquay and Neivton Abbot are simply Devonian 
coral-reefs of great magnitude. 

Some splendid geologizing maybe obtained in the 
neighbourhood of Girvan, in Ayrshire — a rather com- 
plicated tract of Upper Silurian rocks, The district 
a pleasant one to work in, with the Atlantic on 
le side, and the hilly sheep-pastures on the other. 
Numerous quarries may be found, and pleasant little 
adventures made along miniature gorges cut by 
the "burns," where wc hammer at the rocks which 
crop out. Within six or seven miles of Girvan there 
are at least forty good fossilizing spots. The best 
of them is Woodland Point — an exceedingly rich 
sure-house of Silurian fossils. Here many corals 
lay be collected, such as Helwlitcs, Plannopora, 
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ilalysites, FavosiUs, etc. One common fossil coral I: 
evidently peculiar to Iliis neighbourhood, and has 
been named by Messrs. Nicholson and Ethcridgc (who 
have published a valuable work on the Girvan fossils) 
Favosites Multocheitsh. This fossil coral Is also 
common at Mulloch Mill, near Girvan — whence its 
specific name, Many other fossil corals are obtain- 
able at Mulloch Hill. 

The Wenlock limestone at Marlocs Bay, Pem- 
brokeshire, contains some good fossil corals. In 
Ireland, Silurian corals are to be met with in greater 
or less abundance at Dingle, Bull's Head, Cahercource, 
Ardaun, Kilbride, Cong, and Fcrriter's Cove. 

The neighbourhood of Tortworth, in Somerset- 
shire, has long enjoyed a geological reputation for its 
fossil corals ; Cuttimore's Quarry-, perhaps, being the 
best. The country about Old Radnor abounds with 
them. The quarries at Mocktree, not far from Ludlow, 
abound in Silurian fossils generally, and in corals 
especially ; and the student will be delighted with the 
lovely scenery of the country round about. 

I have alluded to the corals of the Devonian rocks. 
These do not weather out or knock out so readily as 
the corals from the Silurian and Carboniferous lime- 
stones. The interstices of the Devonian corals, as 
well as their matrices, are filled in with compact sedi- 
ment, so that we are forced to cut and polish slices 
to discover their structures and relationships. Very- 
beautiful is a collection of these polished sections, 
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■Owing to the lovely and variable tints of the lime- 
Stone, which range from grey to yellow, pink, and 
:d. Thin slices mounted on glass for the microscope 
form exquisite objects. The student may obtain for 
himself any quantity of corallifcrous rock in and 
about Torquay. By moistening the dried and perhaps 
worn surface of the rock, the included corals become 
plainly visible. Devonian corals are also obtained at 
Plymouth, Teignmouth, and llfracombe. 

Speaking of British fossil corals, perhaps it would 
be impossible to direct the student to richer fossili- 
ferous deposits than the lower Carboniferous strata of 
Scotland. Mr. James Thomson, F.G.S., is of opinion 
that their abundance in Scotland is due to the strata 
of the latter having been deposited in shallow water, 
whilst the English Carboniferous or " Mountain " lime- 
stone was laid down in deep water. But the great 
thickness of the limestone in Derbyshire (about four 
thousand feet) indicates a depression of the sea- 
floor all the time the beds were forming ; for its 
[viineral characters would have been altered if it had 
wmply filled up an ocean basin to that depth. As we 
'have already seen, a gradually lowered sea-bed has 
:en stated by Darwin to be necessary to continuous 
iral growth. 
Of all the Carboniferous corals the genus Zaph- 
\ftntis is one of the most widely distributed and 
[generally abundant It is usually found in a very 
irfect condition, and may often be seen in the walls 
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in limestone countries, so weathered that it standi^ out* 
in high rch'ef. This coral is uot only abundant whcre- 
cvcr the Carboniferous limestone occurs in Great 
liritain, but it is also distributed through the strata 





from the bottom to the top, although the smallest 
specimens are usually found in the upper beds, and 
the largest in the lower. The fact that it is plentifully 
found where shaie bands occur shows 
that it affected shallow water, for shale 
is a muddy deposit. At Swansea 
Zaphrentis cylhidacca occurs more than 
one foot in length, and three and a half 
inches in diameter. 

The genus Dibunophyllum (ThomsonJ 
diflcrs from /Zaphrentis in the structure 
of its calycle or cup. This coral, and other genera 
s\xiAi&'iRhoJophyllum,KoHinckophyUtim,AspidopliyUum, 
ClisiophylliiiH, Histiophyllnm, Cycbphylluvt, are found 
most abundantly in the lower strata of the Scottish 
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Carboniferous limestone system. Beith, in Ayrshire, 
and Dunbar, Haddingtonshire, are capital collecting 
grounds for all the above-mentioned fossil corals ; 
and I may add that they are in a better state of pre- 
servation at Bcith than anywhere else in the United 
Kingdom. AspidopkyUum occurs in abundance in the 
limestone of county Down, Ireland ; and in the pic- 
turesque, terrace-like outcrops of the Carboniferous 
limestone strata at Blackhead, county Clare, both this 
and several other gcneia of corals are plentiful 




Loftsdalia (which obtained its name after the early 
geologist) is another abundant Carboniferous corak 
It is very common in the neighbourhood of Mold, 
and may be extracted from the walls by the roadside 
in wonderful perfection. The uppermost beds of the 
fine escarpment of limestone called Eglwyscg at 
Llangollen, in North Wales, also contain it in large 
quantities. Indeed, we may regard that stratum as 
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one of the finest Carboniferous coral reefs m Great 
Britain. There are many species of Lonsdalia, of 
which rugosa and floriformts are perhaps the most 
beautiful as well as the most abundant. Both show 
structure in the clearest manner, and thin sections of 
them, cither transverse or horizontal, form exquisite 
low-power objects for the microscope. The follow-ji 




iny are among the British localities where dififcrcnt 
species of Lonsdalia may be obtained : — Ecclcfechan, 
(Dumfriesshire), Boghead, Lesmahago, Clifton (near 
Bristnl), almost every part of Derbyshire where thei 
Carboniferous limestone crops up (but particularly! 
near Castlcton), and in the Welsh localities above 
mentioned. At Hafod and Boghead this fossil coral 
is found in very large masses, in a capital state of 
preservation. 

J.ilhostrotien (Figs. 42, etc.) is a widely dilTused j 
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genus. Carboniferous limestone rock is frequently 
composed of its dense clusters of corallites, in masses, 
looking like so many bunches of twigs. Lithostro- 
tioH Junuum is perhaps the commonest species. In 
Derbyshire Lithostrotion arachno'ideum forms large 
masses of the limestone. When these corals weather 
out, they stand in relief on the stones, as if the latter 
were covered with dead ivy tivigs. 

The Carboniferous limestone rising behind tlie 
pleasantly situated town of Kendal, in Westmoreland, 
is rich in corals, Cyalkax'tnia being more abundant 
there than in any other English locality I know of 
For immense variety of corals, however (associated 
with other fossils), and for the chance of picking up 
some good, rare, and, it may be, new things, commend 
me to the little quarry which has long been worked 
in the outlier of Carboniferous limestone at Hafod, 
about two miles from Conven, in North Wales. The 
tourist will easily find it by taking the pretty foot- 
path by the River Dee — ^just here almost at its best 
as regards lovely scenery. Having found the quarrj*, 
he will be safe for a few hours at the least. There 
is an abundance of the elegant coral PhiUipsaslna. 
If the student's eyes are open, he may read off the 
story of that ancient coral-reef and its fauna without 
much fear of drawing false inferences. 

Clitheroe is good for all the fossils of the forma- 
tion I am speaking of; and at BoUand — about four 
or five miles off, in a very lovely and richly wooded 
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part or the country — there is a classic ground : 
fossil corals. 

The Permian has yielded very few fossil corals, 
Cfitrteles is said to be found at Humblcton Hill, 
Durham. 

When wc geologize on the limestone beds of the 
Secondary formations we lose sight of the old-fashioned 
types of coral, whose generic names by this time have 
become almost as familiar in our mouths as house- 
hold words, and we arc suddenly introduced to new 
forms. Many of them arc very persistent through 
the Lias and Oolitic rocks, although other kinds arc 
peculiar to the Chalk. Coral-reefs were abundant in 
Itritish areas during both the Liassic and Oolitic 
[wriods, but not when our White Chalk was formed. 
The tatter appears to have been deposited in deeper 
water than coral-reefs are built in, and we find the 
Cretaceous corals are therefore usually of single, 
non-reef-building kinds. 

Chief among the genera of the earlier Secondary 
corals are Thamnastraa, Lalimaandia, Isastraa, The- 
cosmilia, MoiilUvallta, Septastrca, Lepiophyllia, etc. 
The latter is plentiful in the Lias rocks in th^ Isle of 
Skye, associated with Isasinta. The number of 
localities where Lias corals may be obtained is vcrj- 
great Cowbridge, In Glamorganshire, is one of the 
best The visitor to Shakspeare's birthplace at Strat- 
ford may hammer them out of the beds at Watford 
Hill, or find them loosely lying on tlic surface. Frc- 
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quently the latter is the best way of getting tJicm, as 

the shale weathers, and the corals imbedded in it get 

liberated. At Cherrington, near Shipston-on-Stour, 

very numerous and fine specimens are piclvcd up off 

the fields ; Montlivallia Victorite (perhaps the largest 

of our simple fossil corals) is not 

uncommon, Brocastlc, Ewenny, 

Marton near Gainsborough.Larne 

near Belfast, Fenny Compton in i 

Oxfordshire, Harbury, Aston- 

Magna, Down-Hathcrley, tlie 

neighbourhood of Lyme Regis, 

llminstcr, etc., arc places where 

Lias corals can be obtained more 

or less abundantly. 

In the Inferior Oolite at vit. ■,o.-A,irK^mn s'fi^'t 
Crickley, East Coker, Fainswicl;, 

Dundry Hill near Bristol (a splendid fossil hunting- 
ground for fossils of various sorts), Leckhampton, 
Jsastrcea, Latimwandra, Thamnasti-ica, etc., may be 
found. At Cloughton Wykneare, Scarborough, there 
is a "Millepore bed "^a stratum of fossil Polyozoa, 
but also containing corals, which extends over a good 
distance. The quarries in the neighbourhood of 
Scarborough are famous for Oolitic corals; nowhere 
else is the characteristic Thamnastrsa concinna more 
plentiful, for it sometimes occurs in bands two feet 
thick, and in lines of nodules which extend over 
a large area, so that they may be worked by the 
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geologist at Hackness, Ayton (where the best speci- ' 
mens arc obtainable), Seamer, Toton, Wykeham, and 
Brompton — localities which are close together. The 
Thatttfiaslfda is broken up to mend the roads with ; 
and the student will find capital geologizing in the 
heaps of stone by the roadside, which await parochial 
relief to break them up and prepare them. 

Higher up in Oolitic strata, localities where fossi 
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corals can be collected are in the neighbourhood of 
Cirencester and Bath ; at the latter place the rock is 
rre<iuently full of CalamopltyUia, resembling petrified 
straws. The very name of one division of this in- 
teresting formation — " the Coral Rag " — indicates how 
plentiful these kinds of fossils are in it. About four< 
teen different species, chiefly Astrccida, have bcei»> 
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obtained from this bed. Steeple Ashton (in Wilt- 
shire) and Malton (in Yorkshire) are well-known 
coral collecting grounds. At the former place we 




get Thecosmilia annularis — a fine, branching, shrub- 
like coral, about two feet high. The Portland stone 
at Tisbury contains a bed of 
Isastrtsa obhnga — a lovely 
coral, completely silicified. 

When splinters of this are ^_ 

rubbed down to a thin ^^^fe^., ';' 

shaving, and then mounted 

on glass for the microscope, 

they form exquisite object.-i, 

showing every line and trace of the coral structure. 

The charming neighbourhood of Stroud is one of 
the best Oolitic coral-grounds in England; certainly it 
is so as regards varieties, and perhaps also for numbers 
of specimens. The student who visits the neighbour- 
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hood for the first time will be delighted with the 
peculiar scenery of the " bottoms," as the deep, narrow 
valleys arc locally called. At Frith Quarry, about 
Xwo miles from Stroud, we have an ancient "barrier- 
reef," full of Tftamnasiraa, 
Isastreea, Thecosmilia,Lati- 
maaiidra, etc., the species 
most plentiful being The- 
cosmilia gregaria. On the 
opposite side of the valley, 
the hill is crowned with 
another coral-reef. In places, 
these beds of corals are 
nearly twenty feet thick, 
The Cretaceous strata, 
(GBiiii). * from the bottom to the toft,| 

arc distinguished for the numbers of single corals, 
Smiloti-ockus, Brachycyalhus, Trockocyathus, Lcpt^^ 
cyalhiis, etc., are characteristic of the Lower Creta- 
ceou,s, Gaiilt, and Upper Grcensand, and are found at 
I'olkcstone, East Shalford, Surrey, in the " Bargate 
stone" near Guildford, Farringdon (where the fossils 
arc very abundant, and in good preservation), Haldon 
Hill near Exeter, and in the peculiar phosphatized 
fossils of the Cambridgeshire Greensaud. The singular 
bed of red chalk at Hunstanton, on the Norfolk 
coast (one of the most charming of quiet seaside 
resorts, and possessing a neighbourhood 
geological and botanical interest), takes the place ofi 
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the Gautt, but has a few characteristic fossil corals 
of its own, such as Micradacia, Cydoliies, Podoseries, 
etc, which arc allied to the Madrepores, and arc 
therefore indicative of warm water conditions, Cyelo- 
lites FiHoni is common in the Gault beds at Folke- 
stone. 

Parasmilia, d^losmilia, Trochosmilia, Caryophyllia, 
etc., are characteristic of the Upper White Chalk of 
Britain. The latter coral is plentiful at Dunstable ; in 
the chalk pits near Charlton railway station ; and also 




near T-ewes. Trochosimlia is mo^t abundant in the 
Nonvich Chalk, which perhaps occupies the highest 
.strati-geographical position in the Cretaceous .system of 
Great Britain, its fossil corals having an appearance 
which reminds the geologist of those found in the still 
later formation of Faxoe, in Denmark, The chalk 
cliffs at Trimingham, on the Norfolk coast, about 
fifteen miles from Nonvich, contain the same peculiar 
coral fauna. The corals are frequently found im- 
bedded in flints, and I have specimens in which the 
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silica has retained the impression, if not the structure, 
of the coral flesh. Many of the Norwich fossil corals 
have the exteriors coated over with fossil Polyozoa. 
The best pits for these fossils about Norwich are 
Mousehold Hill, Thorpe, Postwick, Trowse, and 
Eaton ; but everywhere in the chalk there is an 
absence of reef-building species of corals. 

The Tertiary rocks of this county are rather poor 
in corals, We have no positive evidence of coral-reefs, 
unless the slight appearances seen at Brackleham 
warrant us in thinking some traces are found there. 
The railway cutting yields several species, chief among 
which arc three belonging to the genus Scleiiastraa. 
A large fossil Madrepore favours the reef idea. Other 
corals met with arc Oculina, Solenastrtea, Slylocania, 
Astrocania, Trochocyathus, Dcndrophyllia, Ltlharcea 
W'ebslcri. The latter is very common. Other localities 
arc Brook (in the New Forest), Brarasham, and High 
Cliff (in the Isle of Wight). At Haverstock Hill we 
get Leptocyathus, 2'urbinoHa, etc., from the London 
Clay ; in the Isle of Sheppcy, Paraeyaihus is a not 
uncommon fossil coral. 

We now " take a leap " to the Pliocene beds of 
Suffolk, where, in the Coralline Crag of Orford, Ged- 
grave, Sudbourne, and Ramsholt (close to the tidal 
river Dcben), we get Cryptaiigia Woodi, a fine 
branching coral j Flabellum Woodi, a pretty, wedge- 
shaped, single coral, about an inch in length ; Sphmo- 
trothus, etc, The latter is a small single coral, related 
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I to a living British species. It is found in great 
abundance at times, and occurs aiso in the Red Crag, 

[ in the pits at Foxhall and Bentley, near Ipswich ; as 
well as at Felixstowe, Kirton, Bucklcsham, Waldring- 
field, and other places in the neighbourhood of the 
same town, where it may be found in company with 
another common coral, Balanophyllia calyadus. Al! 
of the above places are highly fossiliferous, and most 
of them are very quaint and quietly picturesque. 
Students in and near London could not select better 

I localities for geological rambles, and it will only 
remain for them to stowaway the abundance of fossils 
they meet with ; for Eastern Suffolk is little more 
than a Pliocene sca-bcd ! 
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ENCRINITES. 

There arc no fossils with which the delighted young 
geologist sooner becomes acquainted than those called 
Encrimles. Especially is this the case if he has 
worked among the rocks of the PaliEOnoic period. 
The limestones of the Silurian, Devonian, and Car- 
boniferous epochs arc often crowded with the varied 
remains of tlie fossils which half-popularly and 
half-seientifically come under the denominational 
name of Encrinites. True, the student frequently has 
hazy, and even erroneous, notions as to what they 
really are. But perhaps the most important thing to 
him is that they are fossils — remains of creatures which 
actually lived millions of years ago, in seas other than 
any now existing, and that he has collected them with 
liis own hands. The first flush of geological investiga- 
tion surrounds these common pal^ontological objects 
with a halo of interest ^'hich is not eclipsed even by 
fuller and more accurate knowledge of them. They 
arc the treasured objects of sunny holiday rambles — 
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l-tambles which, even after the lapse of years, cannot 

1 be remembered without recalling the perfume of the 

* heather, the hum of insects, the glint of sunshine on 

distant streams, and the shadows cast by cumulous 

clouds on the brown slopes of sunlit hills ! 

These Encrinites arc often spoken of as Zoophytes 
-a term which, although still in use among natural- 
I ists, is a bad one. Encrinites have been loosely 
I grouped among Zoophytes, and so ha\-c been regarded 




with the same degree of haziness. It is a duty, first 
of all, to disabuse the mind of errors, previously to 
I placing before it legitimately deduced facts ; there- 
fore I may say that none of the Encrinite family 
have any or the slightest relationship with plants of 
any kind. They are most nearly related to such com- 
mon marine animals — belonging to a group having 
a world-wide distribution — as the star-fishes and sea- 
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At first sight it seems strange to associate 1 
stemmed and Jointed Encrinites with animals having 
the power of locomotion. Perhaps the fact that 
Encrinites were all fastened to one spot by means of 
a jointed stem (just as a flower is by its stalk), makes 
it difficult for the young geological student to under- 
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stand they are not Zoophytes, or " plant-anlmals." ^ 
Then, again, the manner in which the feathered arms 
fold up against the body, just like the petals of a tulip 
when at rest ; and the flowcr-likc aspect resulting 
from this habit ; the names attached to parts of 
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Encrinitcs, such as " stem," " calyx," etc. ; — all are 
apt to still further magnify the error with which 
the beginner starts, of imagining that the Encrinitea 
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have certain actual relation to plants which other 
marine animals do not possess. 

This is entirely wrong : an elephant or a lion is 
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not more distinctively an animal than any species of 
Encrinite is, no matter what shape the latter may 
assume. But the history of Encrinites has been 
involved in a good deal of obscurity, from which it is 
now emerging. This was partly due to the fact that, 
a few years ago, few or no real Encrinites were known 
to be in existence, and none had been thoroughly 
dissected. The dredging expeditions of Carpenter, 
Wyville Thomson, and others 
brought to light several species. 
One called Rhhocrinus lofole- 
I ncsis, found living in the deeper 
parts of the sea, between the 
extreme north of Scotland and 
Iceland, belongs perhaps to the 
same genus as that found fossil 
in our chalk strata. This re- 
cently discovered genus of living 
Crinoids has been well ex- 
showing proi*B™]ji anu. ™ amiucd, and much light has 
otuicanni. consequently been thrown upon 

the structures of fossil Encrinites of all ages. 

Cuvier, and many naturalists after him, including 
even Agassiz, grouped the Encrinites among that 
hodge-podgo of marine objects called Radiata, This 
term was about as expressive of any real facts, or 
mutual relationships, as the names of the orders and 
classes of plants under the Linnxan system of botany 
were to the plants themselves. The order Radiata was 
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s. kind of zoological "lumber-room," into which all 
kinds of little-understood creatures were thrust if 
they had radiating organs around the mouth ; or even 
if the body itself was of a stellate or radiated shape, 
as in the case of the star-fishes. The Radiata is no 
longer used by modern naturalists, and most of the 
animals, living and extinct, formerly grouped under 
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that name, have been assigned to distinctive and 
clearly understood groups. 

Thus all the spiny-skinned animals {Echinodev 
vtata) arc now included in the sub-kingdom Echimzoa, 
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formerly known as Annuloida, or " ring-like " animals. 
All are internally related (although their external 




shapes may be different) by the possession of a peculiar 
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apparatus called the " water-\-a3Cular sj-stem." In 
the sea-urchins and common star-fishes this highly de- 
veloped hydraulic machinery is immediately applied to 
locomotive purposes, and these creatures are thereby 
enabled to move about over the sca-fioor. In the 
crinoids, the water-vascular sj-stera is also employed 
for respiratory purposes. But, even in the shapes of 
the Eeltinodermata, varied though they be, we pass 
very naturally from one t>'pe to another. Thus, 
we might begin with living Encrinites, such as the 
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Rkisocrinus of northern seas ; the rare and beautiful 
Pentacriniis Caput-Mediism of West Indian seas, 
nearly related to the abundant species {P. briarctts) 
found in the Lias; and the little Penlacrlnus Europwiis, 
occasionally dredged up in quiet spots off the southern 
coasts of Ireland. The latter has a jointed stem, and 
is usually attached to Scrtularians. It is now known 
to be only the larval stage of the common Feather- 
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star {Aiitedon or Comalula rosea). The latter may befl 
dredged up in immense quantities in the quieter parts 
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of our sea-beds, but particularly in the Irish Sea, ancT 
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the bottoms of the salt-water lochs which indent the 
western coasts of Scotland. The Comatula is nearly 
related to another free-moving Echinoderm, the 
Euryale, a genus which has a very large geographical 
distribution. One living species of Euryale, called 
palmifera (Fig. 88), is evidently nearly related to the 
common brittle-stars {OpJiiuridie), which do not pos- 
sess the ordinary water-vascular system, and are 
covered with rows of limy plates. The commonest 
of our British species is Ophuira granulala (Fig, go). 
Thus we may pass, as regards their external forms, 
from true living crinoids, stalked and jointed, to 
others which are Crinoids only during the earlier part 
of their lives; thence to free-crawling Comatulas and 
EiirynUs. and through the latter to the brittle-stars. 
This remarkable relationship is still further indicated 
by the external limy plates which cover or otherwise 
enter into the structure of Crinoid, Feather-star, 
Euryale, and Brittle-star alike. A similar blending 
of the external shapes of allied forms may be seen 
in another large group of Echinodennala — the star- 
fishes and sea-urchins. Thus, beginning with As- 
terias (noted for the body and arms being covered 
with limy plates), we pass on to the Cushion-.stars, 
where the arms appear to have been stretched along 
their sides till they have grown together. Thence 
we pass by such forms as Scutdla and Spatangns, 
until we come to the true and abundant sea-urchins 
i^Eckinus), so that the wide space between the Encri- 
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nhcs and the sea-urchins is bridged over by a lai^" 
number of intermediate generic forms. Still more 




remarkable is the fact illustrated by Hacckel and 
Others, that the young of all the Echinoderms, like 
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those of Cnistaceas, are so alike that it is difficult to 
tell one from another. All commence life as free- 
swimming, worm-like larva:. 

The relationship between the Crinoids (or En- 
crinites) and the other leading members of Echinoder- 
tttttta is undoubtedly bound still more nearly together 
by the intercalence of several extinct groups. Thus 
the two extinct orders, Cyslidea and Blastoidea, were 
in some degree intermediate between Encrinites and 
sea-urchins, in a manner that wo have now no living 
examples of. The Tortoisc-Encrinites of the Chalk 
{Marsnpitcs), and the Saccosoma of the Oolite (most 
probably allied to the Feather-stars), are deeply 
interesting, inasmuch as they are stalkless fossil 
Encrinites, 

If wc consider the body and arms of an Encrinite, 
of any species, as a kind of star-fish attached to a 
jointed stalk, then the base of the Encrinite's body is 
called the "pelvis;" the mouth is uppermost, sur- 
rounded by the feathered arms — a position just the 
reverse of that which would be assumed by a star- 
fish, for the latter, in crawling over the sea-floor, 
has the month downwards. Both mouth and anus 
arc usually present on the upper surface of the body 
of a Crinoid, the anus often terminating in a nipple- 
shaped protuberance. In the most ancient crinoids 
there seems to have been a difference from the 
structure seen in their living rcprcsenlativcs. If we 
carefully examine the arms of recent Crinoids, wc sec 



^^ they arc 
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they are furrowed on the upper surface. Both the 
arms and the pinns which give to them such a 
feathered appea.rancc are formed of an immense 
number of limy joints. (In the extinct Pentacriims 
briarats, found so abundantly in the Lias near 
Whitby, it is estimated that no fewer than one hun- 
dred and fifty thousand joints are employed in the 
construction of the five pinnated arms of one 
individual !) All are alilic grooved on their upper 
surface, and thus wc have channels or gutters running 
over every part of the upper surface of each arm, Ai! 
this \vas covered, when the Encrinitc was alive, by 
membrane and muscles, which kept the ossicles 
together. The membrane was covered with thou- 
sands of minute cilia. The latter were movable, and 
formed a motive machinery much in use among all 
kinds of the lower forms of aquatic animal Hfc. The 
consequence of the general action of these vibratile 
cilia over the entire upper surface of the arms of the 
Encrinites was, that currents of water bearing food 
were constantly being deflected down the bases of the 
five arms. The main grooves of these were continued 
Over tlie surface of the body of the Encrinite, and all 
converged towards the mouth, which was thus sup* 
plied with fresh food and fresh water. 

In the Paleozoic Crinoida the arms arc grooved 
above, but the grooves terminate at their bases, and 
do not continue over the surface of the body as 
just described. Instead they open into tunnels or 
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channels which arc excavated, so to speak, in the 
under-Hurfacc of the Umy plates, and thus reach the 
mouth of the Encrinitc beiiealh the plates, instead of 
from above. The arms of Encrinites arc not hollow, 
as is sometimes supposed, but formed of solid joints, 
or ossicles as they arc scientifically called, The 
joints of the stem, on the contrary, have a cavity 
running down their middle, of various shapes, some- 
times round, and frequently five-petal shaped, This 
continuous hollow was formerly believed to be the 
alimentary canal, but the notion is now considerably 
modified. The joints of the stems of all species of 
Encrinites are either grooved or toothed along their 
mai^ins. In this way they were firmly interlocked, 
and yet were capable of such free movement that 
there is no doubt the whole encrinita! structure was 
swayed about by the tides and currents as freely as 
any of our large-rooted seaweeds. From what I 
have said as to the pinnated arms of Crinoids, it will 
be scon that the old notion of their being so many 
nets in which to catch organic waifs and strays, is not 
correct. In comparison with the size of the entire 
structure the stomach is wonderfully small, and 
enclosed in the large and densely plated body. Some 
of the Carboniferous Encrinites must have had stems 
of enormous length, judging from the strength and 
diameter of the joints. In the Vorcdale shales of the 
valleys running from Hebdcn Bridge to Halifax, in 
Yorkshire, 1 have obtained connected stems of 
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Encrinites six or eight feet in length, the ossicles of 
which were not a fourth part the diameter of those 
abundantly met with in the Carboniferous limestones 
of Derbyshire. 

Having briefly considered the general zoological 
structures and natural history habits of the Encrinites, 
both recent and fossil, let us now turn to their dis- 
tribution in the various geological formations. They 
are by far the most abundant in the Primary rocks, 
although they range upwards into the Secondary 
strata, and frequently occur there in very large 
numbers. But their distribution in the Primary rocks 
is more general and abundant, and the types, or 
generic forms, are more numerous than we find them 
in the Secondary strata. Indeed, many of the lime- 
stones of the Silurian, Devonian, and especially of the 
Carboniferous formations, arc largely, if not chiefly, 
built up of cncrinital remains. As limestones are 
always indicative of what sailors call "blue water" — 
that is, water free from any muddy sediment and 
perfectly clear — it follows that such conditions must 
have favoured the growth of Encrinites. In this respect 
they were nearly related to the habits of reef-building 
corals, to whom muddy water is an abomination and 
sure death. A sudden surcharge of sea-water with 
mud brought down by rivers will almost immediately 
kill off millions of living coral polypes. And from 
what we learn of the Stony Record, the same thing 
happened in geological times to the immense groves of 
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Encrinitcs which sometimes for scores, ifnothundredsf 
of square miles together, covered the ancient sea-beds. 
In the clay bands often intercalated in the Silurian 
and other limestones, we have frequent geological 
evidence of how large numbers, of young Encrinitcs 
were killed by the muddied water, and eventually 
buried in the muddy sediments which had first 
destroyed them. The same is often true of the fine 
clayey shales of the Yoredale beds of Lancashire and 
Yorkshire, where entire specimens, stems, heads, and 
fingers, of frail but lengthy -stalked Encrinitcs are to 
be disentombed in the most perfect condition. The 
best place I know of, where these cncrinital remains 
are to be found in the Yoredale series, may easily be 
discovered by following the bed of the river from 
Hebdcn Bridge, in Yorkshire, towards High Green 
Wood. The Yoredale shales crop out in cleanly cut 
sections, owing to the river frequently denuding them 
along the lines of natural joints. The geological 
Student will there find strewn about, huge cubical 
blocks of thin dark shale, crowded with fossils, sucK 
as Goniatites, Orthoceratites, Nautili, and cncrinital 
remains. He can while away many a pleasant hour 
in these secluded but exceedingly picturesque places, 
with the murmur of the stream in his cars, and the 
most picturesque hilly scenery ready to greet his 
eyes, whenever he thinks proper to turn tlicm away 
from the absorbing employment of laying open, layer 
after layer, like the pages of a book, the thin lamina: 
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of the shale-blocTcs he is working upon. These are 
verily written " within and without ; " and the iron 
sulphite into which nearly all the oi^nic remains of 
these beds have been converted, makes them look as 
if they had been electrotyped on the surfaces of the 
black shales. 

At Bradford, near Bath, we have numerous 
Encrinites occurring in clayej- rocks instead of in 
limestone, their usual storehouse. This clay (sixty 
feet thick) is in the Oolitic formation, and proves 
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exactly the same conclusion we have drawn from the 
Encrinites buried in the Primary rocks, namely, that 
muddy sediments always kill them off and bury them 
where ihey arc. In the hard slates (formerly shales) 
of the Upper Silurian formation, about a couple of 
miles from Llangollen, in North Wales, the student 
may find some beautiful specimens of the character- 
istic Upper Silurian Encrinite known as AcliiiMnints 
pulcher. Well does it deserve its specific name, for no 
Encrinite exceeds it in gracefulness of shape. At the 
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slate quarries visible on the hillside, as we walk 
towards Va! Cnicis Abbey, there is an abundance of 
these fossil Encrinites ; and although all the structure 
of the fossils has been completely altered since they 
were alive, and they arc now really in the condition 
of natural casts, nobody will deny their beauty. I 
have seen slabs of six feet in length completely 
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crowded with these Encrinites, roots, stems, and 
heads, just as they grew, looking for all the world like 
a fossil tulip-bed ! 

Again, what geological student who has made a 
pilgrimage through the Peak district of Derbyshire 
has not had hb attention called to the " Encrmital 
limestone," as everybody calls the rock, which is so 
completely filled, or rather made up of Encrinite stems. 



\ so I 

■ms. 




EXCRIXI7ES. 



119 



1 that we sometimes find nothing else ? " Screw- 

I stones," the country folk call some of them — that 

I name being given in reality to those siliceous casts 

encrinital stems which occur abundantly in the 




liert'bands, where the original limy matter of the 
■kUs (or individual joints of the stems) has been 
lolved away, leaving only thin plates of flinty 
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material, such as was deposited between the joints, sO 
arranged around the filled-up hollow of the so-called 
"alimentary" canal down the whole length of the 
stem, as to give it the appearance of the screwed end 
of a bolt. For mile after mile the geologist walks 
along the Derbyshire mountain roads and finds the 
stone walls on either hand composed of little else than 
encrinital remains. Sometimes the rock containing 
them is very hard, and then it will be worked as 
marble ; which, when polished, is used for mantel- 
pieces. Many of my readers mu.st be acquainted 




with this polished grey marble, full of all sorts of 
objects, but especially of these Encrinitc stems, cut 
across, lengthwise, or at ail kinds of angles, so that 
the appearance varies with each individual fossil. 
When the limy matrix is quite black (as it is at 
Ashford, near Bakcwcll), the marble is all the more 
valuable for economic purposes, for the white fossils 
then stand out in splendid distinctness from the jet- 
black stone In which they are imbedded. The stones 
of the mountain roads are usually picked off the 
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' Surface where tlie limestone rocks have been most 
weathered. And, as the structure of most fossils 
imbedded in limestones is such that they arc harder 




Fig. \ti}.~H'oBilem'tnuinurv^ncl}il<ii, 

\ than the limestone itself, it follows that when surface 
I weathering has gone on for some time, the fossils 
I ^nd out in relief. Millions of Encrinite stems 
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may be found thus dispersed over the surfaces of the 
Carboniferous limestone whose fragments arc used for 
wall-buiiding. In Clitheroe, Lancashire, at a small 
elevation known as Salt Hill, the rock is built up 
of Encrinite stems. In this 
case, however, the fossils arc 
loose and incoherent, stems 
and ossicles lying together 
almost uncemented by any 
matrix, or by one which 
speedily weathers and liberates 
the fossils. The consequence 
is that joints and short stems 
of Encrinites are so loose and 
abundant that they are pro- 
cured as a kind of limy gravel 
to mend or make garden paths with ! 

Some of these abundant Encrinite stems in Derby- 
shire arc often more than one inch in diameter. One 
species, known as Potcriocriitus crassus, was the most 
widespread and abundant of all the Carboniferous 
Crinoids. The head, or body of the Encrinite. was 
tapering, and in this respect it resembled the singular 
little R/iisocrinus lofotemis brought up from the 
bottom of the North Sea, in the living state, by 
Messrs, Carpenter and W>TiIle Thomson during one 
of their earlier dredging expeditions. This Khiso- 
cHhus is one of the last sur\-ivors of a once cosmo- 
politan race of animals, now all but extinct, whose 
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functions seem to be usurped by modem members of 
the sea-urchin family. Stems, and sometimes small 
heads, and the joints of the arms of an Encrinlte 
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nearly allied to the living Rhisocrinus, and almost 
as small as it, arc frequently found in the Chalk, 
and especially on the surfaces of the flint nodules 
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imbedded in the Chalk, in the neighbourhood of 
Norwich, 

Gfyptocrinus basalts is common almost everywhere 
in the Silurian rocks, but especially so in those of 
Wales, At Mynydd Fronfrys, about two or three 







. {After SjfmoacU.) 



miles from Llangollen, large numbers of the remains 
of this fossil may be found associated with those of 
other common Silurian Crinoids. The generic name 
of Glyptocrinus (signifying " sculptured ") is in allusion 
to the highly ornamented basal plates of the body or 
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pelvis. Crotafocrinus has the first part of its name 
derived from a Greek word signifying a " child's 
rattle," on account of its peculiar shape and appear- 
ance. The arms commence at the top of the body, 
and as the joints or ossicles are fastened to each other 
sidewise, as well as vertically, the arms have a sub- 
division resembling the meshes of a net, or the basket- 
work of a child's penny rattle. When portions of 
these arms are found, as they frequently are, on the 
surfaces of the Wenlock and Dudley limestones, they 
look like fossil Polysoa or " sea-mats," and are 
frequently mistaken by young geological students for 
such. Another Silurian genus of Encrinites, called 
Antlwcrinus from its flower-like appearance, has its 
arms subdivided, something after the fashion of those 
of the Crotalocrinus. 

Periechocrinus, Rhodocriiiiis, Taxocriiius, and Po- 
teriocrinus are other common Silurian genera, nearly 
always found in the various limestones of that forma- 
tion. Rhodocriniis, or the " Rose Encrinite," ranges 
upwards in the Primary rocks to the Carboniferous 
limestone, in which it is found in and about Clitheroe, 
in Lancashire. The joints of its column may be 
known by the fivc-^idcd hole running through the 
middle. On examining the weathered surfaces of 
the Silurian limestones in the neighbourhood of 
Wenlock or Dudley, the student will often find 
splendid, sometimes perfect, specimens of one or 
another of the above-mentioned Crinoids. Clypto- 
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CHAPTER V. 



FOSSIL STAR-FISIIES AND SEA-URCHINS. 

Let me next call attention to the commonest fossils 
belonging to the Star-fish and Sca-iirchin family, 
Ve\s fossils have a more attractive aspect than they, 
and none exceed them in the singular beauty of their 
Btnictures, and their marvellous adaptation to their 
ancient habits of life. 

Now that w'c have got rid of the useless term 
Radiata and arc beginning to arrange animals in 
their natural relationship to each other, \vc have 
learned comparative zoology. To this most interest- 
ing study the whole science of paliEontology — or that 
which deals with the extinct life of our globe — con- 
tributes equally with zoology. In sur\'eying such a 
large natural group as that formed by the annuloid 
animals, we are frequently surprised by the singular 
way in which othenvise extreme types spring from 
almost common or neutral ground. Thus, the extinct 
groups of Cystideans and Pcntrcmitcs, peculiar to 
the Palieozoic rocks, and which severally represent 
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two different orders, in some measure come as 
to the Encrinite family on one side, as the Pouch 
Encrinitc {Marsupites) of the Chalk formation 
both to them and the Echini on 
the other. The Cushion-stars (Goni- 
asters) run very near to the Cake- 
urchins or Clypeasters, although the 
former are star-fishes and the latter 
sea-urchins, and perhaps both these 
touch as nearly as any of their class 
to the Cystideans, Pcntremites, and 
Marsupites. In America, a genus of 
fossils called Agelacrinus connects Star-fishes with the 
Cystideans. 

Both star-fishes and sea-urchins arc, geologically 
speaking, very ancient marine animals. With the 
exception of certain Brachiopoda, no other groups of 
animals have maintained their peculiar shapes for a 
longer time than the .star-fishes. As far back as the 
Cambrian period \vc find two well -differentiated orders 
in existence, one represented by our modern " five- 
fingers " ( Urastcr) and the other by the brittle-stars 
{ppkiurd). Evidently these two types have been in 
existence throughout all the silent revolutions, phy- 
sical and biological, which have taken place on the 
surface of the globe ; and our modern star-fishes are 
as lineal and directly uninterrupted descendants of 
these early Cambrian fossil forms, as mankind from 
their " first parents," 
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The Upper part of the skin of such star-fishes t 
the "five-fingers" {Uraster ritbens) is thickened and 
roughened by the presence of grains or irregular 
spicules of carbonate of Hme. If these grains had 
gone on increasing in size by addition to their margins, 
they would ha\-c grown until they touched each 




other, but would not have fused, and then wc should 
have had regular plates instead of grains, and the 
whole body would have been covered by a kind of 
tessellated pavement. This is how the arms of tlie 
brittle-stars {Ophiunded) and the margins of the arms 
and body of the cushion-stars (Goniastcr and Asterias) 
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liave been so regularly and beautifully jointed, the 
former even more effectually than a mediaeval mail- 
clad knight. The two groups so anciently separated 
are easily recognized. Thus the " five-fingers " and 
"sun-stars" (Solasters) so abundant on our British 
toasts have the under surfaces of their arms grooved. 
In and out of these groo\'CS iic perceive rows of 
small, white, grub-like objects, which slowly wriggle 




to and fro if we turn a star-fish on its back, and finally 
end by bending over and attaching their tips to 
the ground by means of suckers. Then by a united 
exertion they pull over the star-fish to its proper 
position. A young observer has not long to experi- 
ment on living star-fishes before he finds that these 
grub-like objects serve all the purposes of feet — that 
the star-fishes can glide along even perpendicular 
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surfaces by their means. They are hundreds III 
number, but all arc fashioned ah'ke, and the mechanism 
which renders them locomotive organs is of the most 
wonderful character. These feet are termed by 
naturalists ambulacral, but I defer a detailed descrip- 
tion of them until we come to speak of the sea- 
urchins. The stomach of this kind of star-fish is 
continued up each arm, and this fact naturally groups 




together genera which may have a greater number 
of arms than five, and the " sun-stars " (Solaster), 
which have twelve. 

In the "brittle-stars" {Ophhiridea), on the con- 
trary, the stomach docs not extend up the arms, 
although the nervous branches of the ganglion sur- 
rounding the mouth do. The " sun-stars " have only 
tiuo rows of suckers, whilst the " five-fingers " possess 




' four. In the "brittle-stars" we have the central disc 
covered with jointed calcareous plates, and the arms 
defended by four rows of the same. There are sucking 
feet, however, but the arms are chiefly employed as 



oi^ans of locomotion, in wliicli they arc aided by 
short hooks, The latter take hold of the surface and 
thus obviate the necessity of sucking-feet. Nature has 
usually more than one way of 
meeting a difficulty, and this is a 
case in point with the progression 
of the star-fishes. 

Many star-fishes are character- 
istically deep-sea animals, and per- 
haps the Echiiwdennata, to which Fig.nj—^jfcnwCreKm). 
both star-fishes and sea-urchins belong, range to and 
continue over deep parts of the ocean-bed, more than 
any other group of marine animals. Thus, during 
the deep-sea dredgings of the Challenger, such genera 
as Ophiomusiuin, Arc/tasUr, eta, were dredged up, the 
latter from more than a mile and a half depth of 
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sca-walcr. A large star-fish, called Leptychastei*, 
allied to our Luidia, was brought up off Cape Maclear, 
Kcrguelen's Island, in very deep water. Another 
genus, Hymenastcr, was 
found widely distributed 
over the sea-floor, and 
at depths ranging from 
about ha!f a mile to more 
than three miles. Star- 
fishes and their allies, the 
sea-urchins, are usually 
the commonest fossils 
lie. i>4.-F««isiiir.fish(/'a/«.of™<. of the Chalk formation, 

Manlmft (Lsucr Ludlow iiitki). 

which was an oceanic 
deposit formed under similar circumstances to the 
"globigerina ooze" of the Atlantic. Dr. Wallich 
showed (when sounding in the Bull Dog for Ihc first 
Atlantic cable) that the ocean floor was occupied by 
star-fishes, for these animals came up attached to the 
sounding-lead, and this incident first broke people's 
faith in the old-received notion that absence of light 
in the deep sea rendered it a desert for all animals 
except the Protozoa. 

The Astcroidea (represented by our common " fiv( 
fingers "), and the Ophittridta or " brittle-stars," as we 
have said, arc found in Cambrian rocks, Specimens 
are often better prescr\'ed in the fossil state than 
dried recent specimens usually are in museums. Si 
urchins also lived in the Palaeozoic epoch, but they d< 
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not appear to have thriven well. Only two genera 
are known, and these are represented by few species 
during periods long enough to form strata thicker 
than all the Secondary deposits taken together. But 
when we come to the Secondary period, we find the 
sea-urchins gaining ground. By-and-by, as in the 
Chalk formation, they are wonderfully common, and 
of multitudinous shapes and types. But by this time 
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the Encrinites, which we have seen were so plentiful 
on the floors of primeval seas, had begun to decline. 
Broadly, therefore, it may be stated that the sea- 
urchins began to flourish just when the Encrinites 
commenced to dwindle away. 

Fossil star-fishes are not as a rule abundant, 
Unless, perhaps, we except a particular stratum in the 
Middle Lias, where they are in places so plentiful 
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that the seam is called the " star-fish bed." The oldest 
and chief forms are Protaster, Palaaster. Urastella, 
Paheasterina, and Pahsocoma, the latter being related 
to our living "bird's-foot star-fish," At Leintwar- 
dine, where the Lower Ludlow rocks crop up and 
arc quarried, we meet with both tlie kinds of fossil 
star-fishes of which we have been speaking. Speaking 
of ProlasUr Miltoni (one of the ancient "brittle- 
stars"), Mr. Salter says it is "abundant, and of ali 
sizes," meaning, I suppose, in various stages of 
growth. Few localities are better worth a geological 
pilgrimage than this part of Shropshire. It is only 
nine miles from Ludlow, where the celebrated "Bone- 
bed" of the upper Silurian rocks may be advan- 
tageously studied. The Lower Ludlow rocks at 
Leintwardinc arc not much quarried, for they are 
a kind of " mud-stone," of little commercial value. 
Otherwise there is no doubt the number of fossil 
star-fishes which would be exhumed would be im- 
mense. Unfortunately, since Mr. Salter's time, the 
quarry on Church Hill, where the fossil star-fishes 
were once so abundantly found, has been either 
worked out, or excavation has been discontinued. 
In the larger quarry at Mocktrco Hill, not far off, we 
again come upon tracts of this Silurian slar-fish bed. 
Mr. Marston, of Ludlow, has a splendid scries of these 
fossils, among them Protasler Marstoni ; and in the 
Ludlow Museum the visitor may sec slabs on which 
more than a score of fossil star-fish are crowded 
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in picturesque confusion. Shepherd's Quarry, near 
Ludlow, is another good hunting-ground. In some 
respects, one species, perhaps the most beautiful of 
the entire group, named after Professor Sedgwick 
{P. Sedgwickii), is allied to the " fcathcr-stars " (or 
rather to that division represented by Euryalc), on 
account of the peculiar spines on the plates of its 
arms. This species is found only in the older rocks. 




such as the Caradoc beds at Bala, on the west side of 
the beautiful lake, and at Underbarrow, in Westmore- 
land. At Benson's Knot, Docker Park, and other 
places near Kendal, in Westmoreland, where the 
upper Ludlow rocks crop out and quarries are opened 
in them, a student may expect to find Palicasteriaa 
primtti'a, and Urastef Ruthveni, the latter named 
after one of the most diligent and devoted of amateur 
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geologists that ever lived. Both the latter Tossils 
belong to the same group as our modern "five- 
fingers," and they have been beautifully preserved 
(as any one may see, who pays a visit to the Kendal 
Museum), in spite of the skin being only thickened 
with calcareous spicules, and not plated. Two species 
of fossil star-fishes have been found rather plentifully 
in the Cambrian rocks at Welshpool, Meifod, and 
Convcn. The Silurian beds in a quarry at Rumncy, 
about two miles from Cardiff, have yielded Palmaster. 
Dr. Ricketts has found Protasler Sallcri on the east 
side of Bala lake ; and the same species has also been 
met with near Llangower. Mr. W. J. Harrison be- 
lieves there is a Rhaetic stratum which dcscr\'es the 
name of a "star-fish bed." This bed occurs in the 
Spinney Hills, near Leicester, as a thin, sandy layer 
about half an inch in thickness, completely made up of 
the joints of star-fish. The Rh^tic black shales at 
Garden Cliff, Wcstbury, Gloucestershire, have also 
yielded star-fish ; and Mr. T. Stock has found remains 
of them in the same strata at Aust Cliff, on the 
Severn. Mr. Harrison further shows that remains 
of fossil star-fishes (probably Ophiokpis Dainesii) 
occur in the famous richly fossiliferous Rhstic section 
which stretches along the coast from Penarth to 
Lavernock. Remains of star-fish from this place 
may be seen in Cardiff Museum. Next we come to 
the Lias strata for star-fishes, and we have already 
seen that one bed is especially rich in them. The 
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Liassic species usually belong to the "brittle-stars," 
and the commonest of these fossils is Ophtokpis Eger- 
toni, found at Staithc, near Whitby ; and also abun- 
dantly in various places in Dorsetshire, especially at 
Seaborne. Specimens of this star-fish may be seen 
in nearly every museum in England. 

Pretty little specimens of Ophiolepis are found in 
the Lower Lias of Burton Passage, near Berkeley, 
in Gloucestershire. A well-known fossil Oolite star- 
fish is Ophioderma Egertoni, abundant in the "star- 
fish bed" at Down Cliffs, between Charmouth and 
Bridport Harbour, in Dorsetshire. Astropccten is, 
perhaps, the most beautiful of the fossil star-fishes 
found in the Oolite, and fine specimens may be seen 
in the museums at York and Scarborough. The 
neighbourhood of the latter place has yielded them 
in some numbers, and the young geologist may pos- 
sibly be delighted by securing one for his own cabinet 
if he patiently goes on splitting the large nodules 
which fall out of the calcareous grit under Filey Cliff 
(near Filey Brig). Astropccten is also found in the 
Stonesfield Slate at Eyeford, Gloucestershire. Opbio- 

I coma occurs in the calc grit beneath the Kimmeridge 
Clay, between Soundsfoot Castle, near Weymouth, 
and the Portland Ferry bridge. The Upper Green- 
sand at Blackdown, Devonshire, yields several fossil 
star-fishes. 
The marginal plates or ossicles of star-fishes allied 
to the cushion-stars (Goniaster) are not uncommon 
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in the Chalk, and in the flints which come from that 
deposit. In the Chalk quarries at Gravesend, Charlton, 
many places in Kent and Sussex, as well as Norfolk 
(particularly about Norwich), remains of these Echino- 
dcrms may be found. I have seen perfect specimens 
imbedded in the flint nodules obtained from Ipswich 
and Norwich. All the Cretaceous star-fishes belong to 
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existing genera, such as SUllaster, Gotitastfr, Orcasler, 
etc. In the London Clay of the Isle of Sheppey we 
find similar remains of Goniastcrs ; ossicles, plates, 
etc., in a more or less perfectly presencd condition. 

We have already seen that, to a great extent, 
Encrinites occupy the place in the rocks of the 
Palaeozoic epoch subsequently held by Sea-urchins 
and their allies in the Secondary strata, and in the 
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seas of the present day. The Sea-urchins are more 
abundant now than at any previous period in the 
world's history. They inhabit every sea, and almost 
every depth in the seas. More than at any other 
time, one modern group of them (the Echinoidcd) now 
merits the name of Echinodermata, or " Spiny-skinned," 
given to the entire order. The common Sea-urchins, 




Fig. 118 — Upper ud« of diuo. 

such as Echinus escitUnta or E. miliaris, arc covered 
with what are not inaptly called " spines." 

The Echinoidea arc doubly important, on ac- 
count of their numerical abundance and wide dis- 
tribution in the seas of the present day. and their 
great geological antiquity. Their general persistence 
in the rocks of every geological epoch from the 
Silurian up to our own is remarkable, and we find 
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their species and types increasing in number in prS*-- 
portion as we approach the present epoch. The 
common sea-urchin {Eefiimis miliaris) is a familiar 
example. It well deserves its name, for, when alive, 
it is so thickly covered with spines as to greatly 
resemble the common hedgehog ; when dead, these 
spines peel off", and the surface is then seen covered 
with minute knobs or tubercles, to each of which a 
movable spine was attached, on the principle of the 
ball-and-socket joint. The shell is composed of car- 
bonate of lime, and is made up of an innumerable 
number of separate pieces, all of which are mosaicked 
together. No fewer than six hundred of these go to 
make up the entire "test," as the shell is technically 
called. And yet, although in the adult state it may 
be several inches in diameter, the shell has not been 
moulted since the animal was small. The membrane 
lining the exterior of the test or shell secretes the 
carbonate of lime diffused through the sea-water. As 
the membrane is inserted between every one of the 
six hundred and more plates, it is able to add lime 
along the edges of each, and thus the whole structure 
grows out uniformly and symmetrically, almost like 
the expanding of a bubble when blown out. A more 
beautiful architectural contrivance could not be 
imagined than is thus furnished by this insignificant 
creature ! 

Take one of the rounded tests we may pick up 
at the seaside, out of which the animal has been 
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removed, and hold it up so that the light is seen 
through it. Besides the large apertures at the top 
and the bottom (anus and mouth), you perceive rows 
of minute punctures radiating, from the summit to 
the base. These punctures are called " ambulacral 
pores," and the plates (of which there are five rows) 
in which the pores occur are termed " ambulacral 
plates," for a reason that will shortly be seen. In 
addition to these, there is a plate specially perforated. 







called the "madreporiform tubercle" (for it is porous 
and spongy, like the common Madrepore coral), 
and its office seems to be to admit the sea-water as 
through a filter. From this a sort of canal proceeds 
internally to a tube which surrounds the gullet at the 
base of the shell or test like a ring. From this circular 
canal there radiate, like the arms of a star-fish, certain 
other canals which pass in front of the rows of per- 
forated plates, and meet together at the top. Each 
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of these five canals gives off in its course innumerable 
tubes, which protrude through the little punctures 
and lengthen at the will of the animal. At the 
base of each little water-tube is a little (vater-bag, 
and when this is compressed (as a boy squeezes 
a hollow indiarubber ball he has filled with water) 
the minute water-tubes, 
or " ambulacral feet," 
are lengthened even be- 
yond the spines of the 
animal. Myriads of them 
thus be protruded 
whenever the sea-urchin 
thinks fit, and they may 
then be seen wriggling 
and moving about like 
".h™i.ii!ii«".ubciTl.jiio-hichih<.wi so many worms, as wc 

of spines arc uudied (Ooliiu: fanniliDn). ■' ' 

saw was the case with a 
turned-over star-fish. At the tip of each is a suclier, 

and thus, when a few scores of the " ambulacra " are 
thrust forth, and have attached themselves to any 
object, they are enabled to warp the entire shell along. 
It is in this way, in fact, that most of the true Echi- 
iiodermata crawl along the bottom of the sea. The 
reverent reader cannot fail to be struck with such 
a beautiful piece of construction, and a hint might here 
be furnished to our hydraulic engineers. That this 
principle has been in vogue for myriads of years is 
evident by the similar construction of the ancient Sea- 
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urchins. Thus in the "fairy loaves," as they are 
called in the Eastern counties, where they literally 
abound (the chalk fossils known to geologists as 
AuanchyUs ovata), \vc see five similar rows of perfora- 
tions ; and even the somewhat differently fashioned 
tests of the earliest genus of sea-urchins {Palcseckinus), 
dating from Carboniferous if not from Silurian times, 
have perforated ambuJacral plates, showing that these 
very ancient animals were then in possession of the 
hydraulic principle which has been of such inestimable 
value to their race. The Ananchytes of the Chalk, 
however, have very small tubercles, and the spines 
formerly attached to them must have been very small 
and bristle-like, as is now the case with those of the 
living Cake-urchin [Bryssus lyrifer), not uncommon in 
the muddy bottoms of the Kyles of Bute, the SpataH' 
gits, AmphidoUis, and many others. This is not the 
case with the Cidarids found fossilized in the Chalk 
with them. The very large knobs or tubercles on 
the tests of the latter animals (which are especially 
abundant in tropical seas at the present time) give 
support to large spines, of a club-shape generally, and 
often ornamented by various devices. Their ball- 
and-socket principle of Jointing, however, was in use 
in, and has been ever since, the geological epoch 
termed the Silurian, when the Echini were probably 
first introduced. In the Oolitic strata we meet with 
some of the handsomest specimens of Cidarids, and 
it is very peculiar that, like the fossil Oolitic corals, 
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the fossil Cidaridts resemble species now living In" 
tropical and subtropical seas. The "cake-urchins," 
of which our recent British species of Spataiigus is a 
well-known example, date from the Cretaceous, or 
Chalk period ; and the fossils arc so common as to 
have obtained the [lopular name of "hearts" in chalk 
districts. In number of species, however, and variety 
of external form, these Echiitoidea are most abundant 
in Tertiary strata. It is a peculiar law in the history 
of a race of organic beings, that they have a period 
of introduction ; one when they reach their maximum, 
both numerically and in variety of species ; and 
another when these drop off one by one, and the race 
becomes extinct. We then find that the functions 
they performed are taken up by some other kindred 
group of animals, which, as a rule, is more highly 
endowed and specialized, and so its members have 
been able to thrust aside and extinguish their older 
comrades ; just as British weeds arc now supplanting 
the native plants of New Zealand and elsewhere. 

The nervous system in a modern sea-urchin is 
arranged round the mouth, which is furnished with five 
hard calcareous teeth, to enable it to triturate its food. 
These teeth arc worked by muscles, through loops, 
and the whole can be removed as easily as an artificial 
set of teeth. In this state tlie mechanism goes by the 
name of "Aristotle's lantern," and the seaside picker- 
up of "unconsidered trifles" frequently finds it lying 
by itself after the more fragile lest has been broken to 
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pieces. I have seen sJlicified specimens of Echini 
in Chalk flints near Norwich which have had these 
teeth fossilized, but such examples are exceedingly 
rare. Nevertheless, it afl!brds another instance of the 
persistency of a plan. Generally speaking, the larger 
number of the Echinoidea of the Chalk seas had 
the mouth and anal aperture at the base ; and such 
genera as Ananchytes, Holaster, Micraster, Galerites, 
etc, are grouped according to the position of these 
apertures, which is always constant in the same 




ring niA<lc of 






species. In the recent Echinus, as well as in the 
fossil Cidarids, the mouth is at the base and the anal 
orifice at the summit. 

The modern Bry^sus (as I have already noted) 
buries itself in very fine mud, on the organic matter of 
which it appears to feed, just as earthworms do on 
the black soils. The Micrasters and Spatangi of 
the Cretaceous period, which approach the Bryssus 
\ery nearly, both in shape and structure, may have 
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buried themselves in the chalky mud of the ancient 
sea in a similar manner. Some of the modern Echini, 
on the other hand, have the power of hollowing for 
themseU'Cs holes in the rocks by the sea, especially in 




limestone rocks, which arc not unfrequcntly 
riddled by them, just as they are by Pholas and 




boring molluscs. A pretty little sea-urchin, not quite 
so big as a threepenny piece, which we find not 
uncommonly fossilized in the Red Crag beds, is the 
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Echinocyamus. In some respects it is a connecting 
link between the Echini, or sea-urchins, and the 
"heart-urchins," or Spatangi. The common "sea- 
egg " (as fishermen call it), or Echinus spheera, is as 
old as the Pliocene period, for I found it in the 
Coralline Crag beds. The common "sea-egg," how- 
ever, is not the type with which we ought to compare 
the very abundant " fairy-loaves " (Ananchytes) found 
so plentifully in the chalk. The mouth and anus of 
Ananchytes are both at the base, whereas in the sea- 





egg they are relatively at the base and the summit. 
In the Aiianc/iytidcE must be included the extinct 
genera, more or less common in the Chalk, of Holaster, 
Galerites, etc., in which the basal position of mouth 
and anus is slightly different. Indeed, the genus 
Ananchytes appear to be entirely confined to the 
Cretaceous strata. The nearest living type of sea- 
urchin, allied to the Ananchytes, or "fairy-loaves," 
was dredged up in the North Atlantic during the 
Challenger expedition, from a depth of nearly 
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three miles, and it is known by the name of Calymne 
relicta. The bottom of the Atlantic is remarkable for 
a number of creatures living there which are allied to 
those found in the fossil state in the Chalk formation. 
The family of sea-urchins called Pourtalesia is of this 
character, for it is allied to the extinct Ananchytes in 
many respects. But perhaps the most remarkable 
living Atlantic sea-urchin is Sakiiia varispina, dredged 
off Cape St. Vincent at a depth of nearly two miles. 
A few years ago this genus was believed to have been 
extinct for ages, for it was not found outside the 





Chalk, unless wc except the Aci-osakniei of tbd^ 
London Clay, at Sheppey. Now it has turned up in 
the living state in the Atlantic Salenia is common 
in the Chalk near Norwich, and internal flint casts arc 
also found there so abundantly that they go by the 
name of " pick-cheeses " — " pick-cheese " being the 
name given to the ripened seed-vessels of the common 
mallow, which the flint casts of Salenia very closely 
resemble. Internal flint casts of Ananchytes, or 
" fairy-loaves," are abundant wherever the Uppt 
Clialk crops out, and they are often remarkable I 
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possessing the clearest and most distinct relics, in 
relief, of the ambulacral pores, Salcnia are especially 
numerous and well preserved in tlie Greensand beds 
in the neighbourhood of Warminster, in Wiltshire — 
one of tlie pleasantest spots for geologizing that the 
student could desire. 

Among the principal common fossil sea-urchins 
found in the Upper Greensand there, and at Chute 
Farm, are Discoidea stibiilata, Epiaster (a genus allied 
to Mkrastcr), Catopygiis, Pyrttta, etc. The Lower 
Greensand beds arc frequently rich in Echinodcrms. 
Thus at Shanklin, in the Isle of Wight, we have a 
very rich "urchin" bed, containing many singular 
forms, such as Clj-peopygiis, Enallaster, and Echinospa- 
tagus. The last- mentioned fossil is very abundant in 
the Upper Greensand of Blackdown, Devonshire, where 
also many other species of the same kind of fossils are 
obtained. Holaster suborbiciilaris and //. siib-globosns 
are ver>' abundant in a bed between the Chalk Marl 
and Upper Greensand at Abinger, in Surrey ; also at 
Lewes, in a similar stratum. Hemiaslcr is a charac- 
teristic fossil in Grey chalk about Folkestone, at 
Hamscy, in Sussex, and Ventnor. The commonest 
Gault echinoderm found at Folkestone is Hemiaslcr 
Bailyi. The Red Chalk at Speeton contains Discoidea, 
Holaster, Diadema, and spines of Cidarids. 

In the oldest known type of sea-urchin [Pal<s- 
echinus) the test or shell was composed of more 
than twenty rows of plates, and the entire test was 
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of a remarkable egg-like shape. Archaocidaris is the 
oldest known Cidaris, or knobbed sea-urchin, and it 
occurs in the Devonian rocks ; but one species {A. 
Urii) is not uncommon in the Carboniferous lime- 
stone of the Derbyshire Peak district, and I have 
found its spines somewhat plentifully in the queer 
little limestone quarry at Hafod, near Conven, in 
North Wales, Paltsechimts seems to occur most 
plentifully in the Carboniferous limestone of Ireland. 
Some beds of the Inferior Oolite literally swarm with 
fossil Cidarids and Cake-urchins. The slabs of Oolitic 
limestone found in the quarries about Calne may be 
seen containing a dozen Cidarids, many of them with 
their spines still attached, just as when they were 
alive. Leckhampton Hill, near Cheltenham (from the 
summit of which the tourist can obtain a magnificent 
\'icw of the Severn valley), is composed of rocks 
belonging to this formation in which Hvpoclypeui 
agariciforvie is abundant, as well as various species 
of Cidaris, Hartwcll, in Buckinghamshire, is another 
good hunting-ground for fossil echinoderms. Clypcui 
sinitaM is a fine, large, well-known fossil, well dis- 
tributed in the Lower Oolitic rocks; it is, perhaps, 
most abundant in Wiltshire. The Cotswold Hills 
have numerous outcrops where quarries are opened 
in their Oolitic rocks, in which NiicUolita, Cidaris, 
and Hemicidaris are frequently very abundant. 

Speaking of the fossil Echini of Calne, Dr. Wri^t 
says he has seen slabs from the beds of Coralline 
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Oolite at Calnc in which were embedded as many 
as fifty specimens of Echinobryssus sculatus. Clypetis 
/•/o/// is so plentiful in the more central parts of the 
Cotswolds, especially near Naunton Inn, that cart- 
loads of it may be collected. One of the most 
beautiful of all the Oolitic Cidarids is Acrosalmia 
hemkidaroides, frequently found, with all its spines 
still attached to the bod)-, at Chippenham — an exccl- 
leiit fossilizing locality — in company with another 
pretty species, A. spiuosa. Rushdcn in Northampton- 
shire, Malton in Yorkshire, Charlcombe near Bath, 
Malmesburj-, Minchinhampton, Sudely Hills, Glouces- 
tershire (where Pygastcr semisukatns is found three 
and a half inches in diameter), Crickley, and Cam- 
long (Devon), arc all good localities for fossil Oolitic 
Echinodcrms. These fossil Cidarids are very beautiful 
objects when denuded of their thick, club-shaped 
spines (Fig. 120) ; the test is seen ornamented with 
and composed of a series of polygonal plates, each 
with a large round tubercle in its centre, and a pearl- 
like setting of a ring of smaller ones around it. Even 
the club-lik-e spines are frequently beautifully sculp- 
tured, and the student can plainly see in thoir hollow 
bases how they were attached to the round tubercles, 
after the mechanical fashion known as a "ball-and 
socket joint." The quarries at Calnc and Chippen- 
ham, in Wiltshire, are especially famous for their 
abundant yield of fossil Cidarids, Ech'nwbryssiis and 
Clypeus are fairly common in the rocks of Constitution 
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Hill, Banbury, unless the pits are now filled in. The 
Oolitic rocks which crop up from Grimston to Bur- 
dale, near Scarborough, conlain beds full of Echhio- 
bryssus scutatus, besides spines of Hemiddaris. 
Various species of Cidardis are also found in the 
Kentish and Norfolk Chalk, either whole or as detached 
plates ; and sometimes we find the impression of one 
of the latter on a flint, when it presents a very pretty 
appearance. Solitary club-shaped spines and impres- 
sions of the same in flint arc very common in the 
Chalk formation generally. In the Greensanci at 
Warminster, which crops out from under the escarp- 
ment of the Downs, the geological student may find 
a good assortment of fossil Echinoderms, such as 
Nuclcolitcs, Caratomus, Cidaris push, Gonioplwnts 
favosHs and G. lunula tits, Hoiaster granulosus, 
Micraster tacunosus, Salenia clathrata, S. geotnetrka, 
S. oriiata, S. umbrella, etc, Faringdon, in Berkshire, 
is another rich Grcensand formation abounding in 
fossil Cidarids, where Salcuia pctalifera is especially 
plentiful. Charlton, near Woolwich, is a good place 
for Chalk Cidarids ; and the well-worked pit near the 
railway station will afford the student good specimens 
of many other Cretaceous fossils besides ; whilst the 
Tertiary sands overlying the Chalk sections are in 
places rich in peculiar fossils. Very fine Cidarids 
may be obtained from the Chalk quarries at Grays, 
Essex. The Chalk near Caterham yields Hoiaster 
and others. The Chalk quarries near Hitchin station 
arc very rich in I/olaster ghk'sa, etc. 
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The rambler can hardly go into tlie wrong quarry 
in the Upper Chalk for Ananchytcs, Micraster, Gale- 
rites, etc. They are especially numerous in the large 
Chalk-pits which nearly surround the city of Norwich. 
The white-surfaced Chalk-flints, which lie in heaps in 
the quarries ready for breaking up into road metal, 
should be carefully examined — if possible one by one. 
I have found many " fairy-loaves " and their kind 
half-imbcddcd in these hard flints, plainly showing 
that the latter must have been soft when the fossils 
were thus buried. In the Chalk-pits about Guildford 
may be collected Holaster planus, Micraster cor- 
brevis, M. tcstiidiitarium, etc. Cidarids are abundant 
in the Chalk at Gravesend and Dorking. The com- 
monest of these in this formation is Cidaris clavigera. 
Another common fossi! of this kind is Cyphosoma 
corollare, abundant at Brighton, Gravesend, and 
Woolwich, Cardiaster (allied to Holaster) is found at 
Maidstone. Many of these Chalk-pits are in lonely 
localities — just the very places a man would select 
for quiet walks, or for attractive scenery ; and 
indeed, the tourist finds that the fossiliferous rocks 
usually crop out where Nature is apparelled in her 
most attractive garb. 
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minimizing tlie importance of the markings left by 
other animals. 

If subsidence of certain parts of the sea-floor were 
not accepted as a geological and geographical fact, 
sea-worms would prove it more than any other 
animals. For when we find such rocks as the Long- 
mynds. composed of strata all more or less of a 
similar physical character and composition, on whose 
upper surfaces are innumerable tracks of sea-wonns 
for at least one mile in vertical thickness, no other 
theory could account for the conditions under which 
they had been formed than that which declares the 
sea-bed was slowly subsiding, at about the same rate 
that the sediments were accumulating. Moreover, 
the same worm-tracks more or less indicate the depth 
at which such deposits were formed, for we never find 
these markings in strata of deep-sea origin ; and the 
supplementary evidence of the ripple-marks so fre- 
quently occurring in worm-tracked strata, is confirma- 
tory on this point. 

Geology has little or nothing to say concerning 
terrestrial worms, unless it refers to their physical 
action in modern times. I am not aware of a 
single species which can be safely referred to the 
same habitats as our common earth-worms, although 
I have little doubt this class has been in existence, 
perhaps during the entire Tertiary period, if not 
longer. I have therefore only to do with se^- 
worms. These, as we now know them, may 
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and those which adopt a fixed existence. The former 

have no hard parts to leave behind them when they 
die, except their horny jaws, and these have been 
found by Dr. Hindc in considerable quantities in the 
Silurian and other rocks. Until a few years ago we 
were entirely indebted for proofs of the former exist- 
ence of this class of sea-worms to the tracks they 
left behind them on primEvat mud-flats, and the 
discovery of their jaws is additional evidence in favouj 
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of these tracks being of annelid origin. Tlic other 
class of sea-worms, adopting a settled marine life, live 
in tubes, which arc formed of grains of sand, etc., 
cemented together, as in the instance of our modem 
Terebella: or they may be leathery, as in the recent 
Sabella; or their outer skin may secrete lime, and 
thus form a solid tube, as illustrated by the empty 
tubes we see attached to old oyster-shells, stones, and 
rocks. In both the latter cases the breathing organs 
are gathered into one place, and form a beautiful 
feathery tuft, sometimes brightly coloured, as in those 
of that httle coiled worm v 
antiquity, the Spirerbis. 
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Let us take the wandering worms {Erranlta) first 
in order, as they probably were first in point of 
appearance in the earlier seas of our globe. The names 
assigned to the com- 
monest of the tracks and 
trails believed to have 
been left by them arc 
borrowed In most in- 
stances from modem 
genera ; thus we have 
Phyllodocites, Mynanites, 
Crossopodia, Areiiicoliles, 
etc. The markings wc 
have to explain are of 
two kinds, burrows and 
trails. The sea-worms 
making the former were 
doubtless of similar 
habits to our common 
Job-worm {Arcnicola pis- 
calorum) and the generic 

name ot ArenicoUUs at *^'« ' " _ , ' "'"'''•* 
once indicates this. 

The Cambrian rocks of Bray Head, near Dublin, 
have long been famous for the occurrence of markings 
left by an ancient burrowing worm, named by Dr. 
Kinahan Hislioderma Nibcmiciiin, associated with 
the zoophyte Oldhamia. The tubular casts of these 
worm-holes may be obtained. The upper part swell? 
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out into a trumpet-shaped mouth, frequentl>' very 
prettily marked. The holes of Arenicolilcs s/vtrsus 
axiA Arenkolites didymus arc in pairs, and are found 
in the same beds as Histioderma. 




The flag-stones obtained from the Millstone grit 
formation in Lancashire and Yorkshire ha\e their 
surfaces frequently knobbed irregularly with the casts 
of worm-furrows. Young geologists who often sigh 
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for opportunities to geologize abroad should keep 
their eyes open to the periodical mending of the roads 
and causeways of the towns in which they live. In 
the neighbourhood of Manchester and Sheffield the 




newly laid flags are often seen ripplc-marked, and 
worm-tracked or worm-burrowed. The Cambrian and 
Silurian sandstones afford _ 

similar evidence of shallow 
water deposition. In the 
Stiper Stones (Upper Cam- 
brian) both casts and 
burrows are abundant. In 
the Bangor slate quarries 
the markings arc called 
CItondrites, from the origi- Kig 
nal belief that they were 
impressions left by seaweeds, 
theory of their annelid origin. 




but I favour the 
In the slate quarries 
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Dougla; 



the Isle of Mai 



there I 



near . 

frequently found the tracks of two kinds of sea- 
worms, Nerds and Nemet-iitcs. As before remarked, 
however, the Longmynd rocks afford by far the largest 
number of evidences of ancient sea-worms. In the 
Wrekin tlie quartzite beds yield Armicolites Urico- 
uieiuis, which may be considered the oldest known 
British fossil. The rocks of St. David's contain both 
Arenicolitcs and Serpnlites, In the Skidda\v ; 




near Keswick, Cumberland, ten species of the remains 
of fossil-worms have J)een catalogued, among which 
Scolilhiis and HelminthoHlhus arc the most abundant. 
One remarkable species has been named Stellascolites- 
In many parts of Great Britain the lower Carboni- 
ferous rocks possess most abundant traces of worm- 
tracks. Any tourist who has visited the magnificent 
Cliffs of Mohr, in county Clare, Ireland, cannot fail 
to have noticed the dark slaty flags of the district. 
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marked all over, below and aboV' 
worm-tracks. These cliffs rise sheer 
Atlantic to a height of three hundred 
feet, and appear to be of the same 
character throughout. Everywhere, 
where it is possible to examine them, 
the tiiin flags arc crowded with these 
IJeculiar markings, People who have 
been to the celebrated quarries in 
the same geological formation near 
Kirkby. Lonsdale, will have observed 
tlie flags impressed in a similar way. 
I give a sketch of them as they appear 
in a hand specimen. As these Kirkby- 
Lonsdale flags are much in demand 
by house-builders in the north, and 
therefore get widely distributed, some 
of my readers may have seen them 
a long way from their parent quarry. 
The commonest of these worm- 
markings is Crossopodia. In Pen- 
whappleGlen,Girvan,Ayrshire,many 
species of worm-tracks have been 
recognized, belonging to Nereitts, 
Myrianites, Crossopodia, Nemerlites, 
etc. ; annelid markings are also found 
in the shales at Moffat. A peculiar 
kind of worm-track, called Cyma- 
derma, is left on the surfaces of the 
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Lower Carboniferous 
of the Ribblc. 

No doubt most, if not all, of these tracks were 

made by worms like our common Nereis. This had 

long been suspected before 

Dr. Hinde, by dint of great 

patience, discovered annelid 

jaws in the Silurian shales 

at Ludlow, Much Wcnlock, 

Iron BridgCj'Stoke Edith, and 

uiscwhcre. These are figured 

in his paper on the subject 

read before the Geological 

Socictj'. The largest of the 

annelid jaws he found so 

plentifully did not exceed 

one-fifth of an inch. Dr. 

Hindc has proved that these jaws differed as much 

among themselves so far back as the Silurian period 

as they do now — a 

plain indication of the 

antiquity of the tribe. 

Worms which form 

tubes cannot of course 

make tracks, but they 

leave evidences of 

their existence behind 

them in the fossil tubes they once inhabited. These 

sometimes form strata of no Inconsiderable thick- 
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tiess. Indeed, any geological student w!io has visited 
the seashore of St. Bee's, Cumberland, at low water, 
will have noticed extensive beds formed solely of tlie 
cemented sand-tubes of modern species of Sabellaria. 
Sabellaria and Tenbella are very common tubed 
worms in British seas, both of them constructing 
sand-cemented tubes. The latter is always abundant 
where there is a hard, clayey sea-bottom. It is rarely 




that we get these worm-tubes fossilized, as they tend 
to fall into their component grains of sand when the 
worms die. 

With the hard, calcareous tubes of such species 

I of sea-worms as Serpula and its kind, we have 
difficulty. This form of Annelid has had, perhaps 
more stereotyped or stable form of existence than 
any other creature in the world. There is no 
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sible difference between many Silurian-tubed w 
and those now in existence. The pretty little 
Spirorbis found in the Upper Silurian rocks has had 
a continuous and unchanged existence through every 
geological period until now. We find it attached to 
fossil shells and corals in the Silurian and Devonian 
limestones. Fourteen species occur in the Carboni- 
ferous rocks, some of them found adhering to the 
trunks of Sigillar'ta and almost encrusting them, 
just as we find them adhering to the larger seaweeds 
along our shores. Under the names of Serpiililcs, 
Cornulites, Tentactililcs, CottchioUles, etc., the sea of 
every geological period has abounded in tubed worms. 
The Wenlock limestone literally swarms with these 
tapering elegant tubes, ringed like the tentacles of 
insects, and hence called Tentaculiies. This is a type 
of what is called &free worm-tube, i.e. one that is not 
attached to shells or rocks, like the modern Serpiila. 
By some geologists it is still regarded as a ptcropod 
mollusc allied to Hyak. Cornulites is another genus 
nearly related to It, and both are characteristic of the 
Silurian formation. The chief species in the latter 
rocks is Cortmliles serpularixis. It is frequently found 
as much as three to four inches in length, ringed, 
and gradually tapering to a point. Casts of this 
species of worm-tube frequently occur, and the young 
student might be easily misled by them into thinking 
it was a different fossil to the Cornulites found with 
Its external shape ; for this internal cast is in a scries 
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of sharply marked off segments, one within but less 
than another, like the fully drawn-out parts of an 
old-fashioned telescope. This species is very abun- 
dant in the Woolhopc beds, Ortonia (named after 
Professor Orton) is a genus of abundant annelid 
tubes, also free, which is peculiar to the Upper 
Silurian rocks of North America. TcnlaciiliUs aiusu- 
lattts is the commonest of our British species ; T. 
oniatus being perhaps the prettiest. The former is 
more abundant in the Lower Silurian rocks at May 
Hill and elsewhere, and the latter in the Upper, 
The Weniock shales are very rich in fossil worms, 
Mr. Etheridge recording no fewer than tllirty-five 
species of all kinds. Dr. Hinde having added twenty- 
four. Among the characteristic forms of these beds 
are Trackyderma and Aranellites. 

No doubt there were ancient sea-worms resembling 
Serpula, and it is possible some may have been inter- 
mediate between it and the modern Sabella, which 
latter is possessed of a leathery tube, often strength- 
ened by adhering sand-grains. Thus, in the Upper 
Silurian rocks above Ludlow, we meet with numerous 
traces of a thin calcareous worm-tube, transversely 
striated, and very ribbon-like, called ScrpuHtes 
longissimus. Trachyderma coriacca is still more like 
a Sabella tube stiffened by a deposit of lime. Scolio- 
dentm scrpulites is found in the rocks of the Wrekin 
and in the holly-bush sandstones near Malvern. 
Serpiiiites dispar is abundant about Ludlow, and also 
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in Uie Upper Silurian rocks near Kendal ; and 1 

student u-ill find a capital collection of them in the 
museum of that town. A more delightful neighbour- 
hood for fossilizing than Kendal can hardly be found 
in England, or a more varied one. 1 have seen 
Serpiiiites more than a foot long in the deserted 
Silurian quarries near Ledbury. 

The Secondary rocks contain true Serpiila, and 
these fossils are not without a special value to the 
physical geologist. Some of them may be found 
sprawling over the interiors of bivalve shells, or 
covering the naked tests of sea-urchins — in both 
instances plainly informing us that the lifc-and-dcath 
conditions of the ancient sea-floors were very like 
those of our day. Moreover, the occurrence of these 
creeping worm-tubes over the dead tests of such sea- 
urchins as Ananchytes — one of the commonest in 
the Chalk — shows us that the chalky ooze must have 
been forming very slowly, or it would have buried up 
the dead animals before the sea-worms had managed 
to spread their tubes over and about them ! 

We frequently get the tubes of Serptda attached to 
fossil bivalves in the Lias and Oolitic rocks ; some- 
times they form dense and tortuous masses, as in the 
Oolitic marlstonc near Banbur>', and in the well- 
known " Serpula-bcd " at Blue Wyke Scar, near 
Scarborough — where the geologist may obtain abun- 
dant fossils, and enjoy some of the finest coast scenery 
in England at the same time. The tabular Iron- 
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stone of the Gault of Kent is frequently full of annelid 
borings. A hard band of clay in the Gault at Folke- 
stone, and near Charing, in the same county, is 
occupied with serpula tubes, which form a thin stratum 
two inches thick. Serpula plexus is always common 
in the Chalk ; and near Norwich and Margate it 
frequently occurs in masses, or completely investing 
the larger fossil shells, such as hioccramiis. 

In the Eocene beds the commonest fossil worm- 
tubes are those of Di/nipa, which was evidently free 
or unattached to objects, after the manner of the 
Tentaculites, etc., already described. It is usually 
found in large numbers, and appears to have been 
gregarious in its habits. We may get a large quantity 
of this fossil worm in the London Clay beds of 
IJognor, Hampshire, Ditntpa pinna is the name 
of the common species. Ditrupa is also found In 
the crag beds of Suffolk, where it may have been 
redepositcd there from denuded Eocene strata. 
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CHAPTER VII. 



TRtLOBITES AND OTHER FOSSIL CRUSTACEA. 

To a young and enthusiastic geologist there is no 
class of fossils to which so much interest is attached 
as the Trilobites. They are extremely elegant objects, 
and arc easily identified. Their strict limit to the 
primary rocks makes them geologically valuable as 
means of identifying strata. Even non-geologists 
remember their glib, half-scientific, half-popular family 
name, and will occasionally air it as if it were the 
complete key to paleontology. A good collection 
of well-arranged trilobites looks better in the cabinet 
than perhaps any other fossils. There is such a 
variation from the leading type that one cannot 
wonder the number of genera should be so great. 
No two are externally alike, and the deviation is 
sometimes so extreme that the Trilobites are no 
longer trilobed, 

Trilobites are among the few fossils which possess 
the associations of folk-lore. Ammonites and Encri- 
nite stems, Gryphea and Cycadites, share with them 
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the feeble notice which the curious gave to them in 
pre-geological days when all fossils were called 
f' petrifactions," and all were equally regarded as 
evidence of the universality of the Noachian Deluga 
Perhaps nowhere are Trilobites more abundantly 
visible than in the Wenlock limestones, near Dudley, 
The latter have been upheaved to a very high angle, 
and the surfaces of the hard limestone slabs are so 
thickly bestrewn with fossils, that it is impossible 
to place the tip of one's finger without its coming 
into contact with some of them. These limestones 
are constantly clean, from weathering. They are 
veritably museums of Upper Silurian fossils, and 
although hard to extract with the hammer, the student 
may while away many a summer hour in gloating 
over these lovelj' treasures of the ancient deep, 
Trilobites are there in uncountable thousands, but 
neady always in disjointed "heads" and "tails." 
We cannot wonder, therefore, that they should have 
attracted the attention of those fond of natural 
phenomena, although in the days long anterior to 
scientific explanations of them. As " Dudley 
Locusts," one genus of Trilobites {Calymene) was 
long known ; even the fact of their standing out 
in relief from the limestone was noticed as very 
remarkable, for nothing was known in those days of 
sub-aerial denudation or weathering of rocks. They 
were named "Trilobites" as long ago as 1771, by 
^ Walch. in his " Natural History of Petrifactions," 
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on account of the three lobes of joints which usually 
run along the body. Stiil, their crustacean origin bad 
been guessed at by bold speculators, and even Lin- 
naeus classed them among the Entoinostraca. 

How utterly at sea the majority of naturalists were 
as to the true nature of these singular fossils is indi- 
cated by some of their generic names. Agnostus, 
Asttphiis, Calymene, etc., the commonest of these, are 
only Greek words signifying "unknown," or "con- 
cealed," etc. Still, since the time of Brongniart they 
have been universally regarded as crustaceans, and 
the [universal opinion is that they arc allied to the 
Isopoda, only that they were legless. Dr. Heniy 
Woodward, F.R.S., who has taken up Mr. Salter's 
investigations among the Trilobites with great en- 
thusiasm, believes he has detected evidences of legs 
on the under side of some specimens, and his belief 
has recently been confirmed by the discovcrj- of Trilo- 
bites with legs in America. Other naturalists think 
these members are onlythe remains of "calcic arches." 
The extinct Trilobites really represent a defunct order, 
and as such we usually find them arranged in system- 
atic works on Zoology. In that case they come in as 
"missing links" between the Isopoda, of which the 
common woodlouse {Oniscus) and the shrimp-para- 
site {Bopyrus) arc familiar types, and the Meroslomata 
of which the well-known "king-crabs" {Limuliis) are 
examples. The lar\al state of the higher classes in 
the same order frequently resembles the adult condi- 
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tions of the lower. In the crustacea a very large 
number of genera are alike in their youngest state. 
From its resemblance to the adult condition of one 
of the lowest of the crustaceans called Naupliiis, this 
state is usually called the " Nauplins stage." No other 
group of animals passes through so many metamor- 
phoses before reaching maturity, and each of these 
is so well marked off from the rest, that it might be 
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-.regarded as a generic type. Indeed, in many cases, 
genera have been founded on these distinctions, so 
that the same animal, at different periods of its life, 
has been regarded not only as a distinct species, but 
as belonging to another genus. The young of the 
common lobster, for instance, passes through at least 

I fix stages, which are so unlike each other that only 
careful observation has settled they are not different 
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animals. Even when it has reached the aduk condi- 
tion, a lobster is so unlike what it will be when full- 
grown, that it might be set down as belonging to 
another genus. It is as if we k-new nothing of the 
metamorphoses of the butterfly, and therefore had 
mistaken the caterpillar and chr>-sa!is for animaU 
belonging to groups wide separated from the winged 
Inseci 

The young of the recent Limiiliis, or king-crab, 
greatly resembles the adult Trilobitcs. As the king- 
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crabs succeeded the latter in geological time, it may be 
that it was due to the Trilobitcsbavinf;becn "advanced 
a stage." One genus found in the ironstone nodules 
of Coalbiookdalc, called Belinuriis, more nearly re- 
sembles one genus of the Trilobitcs ( Triuuckus) than 
the king-crabs of our own days. Again, the female 
Bopyrns {y\Sf,. 149), which parasitically attaches itself to 
the inner surface of the carapace of the shrimp, has a 
rude resemblance to the segmented body of some of 
the less highly organized Trilobitcs, The fact of its 
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liieing a parasite shows that it must have undergone 




[.jrelrogradatioii. The figures will show that the Trilo- 
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bites find their natural history place between the 
groups above named. Haeckel, however, places them 
among the " gill-footed crabs " {Brancktopodd), of 
which the water-fleas are familiar examples, He does 
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not tell US on what grounds this is done, for no breath- 
ing or locomotive organs have as yet certainly been 
found, although thousands of specimens of all the 
genera have been carefully examined on their under 
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sides. Again, the compound eyes of the Trilobilcs 
show that they were in this respect really ver>- highly 
organized, and this highly developed specialization of 
the sense of sight certainly proves that they ought to 
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be placed much higher among the Crustacea than we 
find them \x\ Haeckcl's "Systematic Survey." In 
many species of Trilobitcs the empty eye-sockets can 
be seen with the naked eye, notably so in Asaphus 
ctttidalus, in which each eye contained four hundred 
facets. According to Owen, Asapkns iyrannns pos- 
sessed no fewer than si.-c thousand eyes ! The number 
of eyes among the Trilobitcs varies considerably ; 
some specimens have none at all. 

I have already referred to the fact that the Tri- 
lobites are peculiar to the Primary rocks, Although 
they seem to range as high as the Permian, they are 
chiefly confined to the strata below and including the 
Carboniferous limestone. No fewer than four hundred I 

species, grouped in fifty genera, have been described 
from these formations, and new forms arc still occa- ' 

sionally met with. The greater number of the species 
are of a Silurian age ; those of the Devonian rocks 
are of a well-defined character ; and those from the [ 

Carboniferous limestone even more distinct still. It i 

would seem as if they reached their maximum of size, \ 

as well as of variation, during the Silurian period. I 

The largest arc Asnphus gtgns, eighteen inches in 
length, found at Llandcilo ; and Paradoxides, two feet 
long. On the otlier hand, they appear to have ', 

decreased in size as well as in numbers when we 
reach the Carboniferou.'i rocks. The genus Plnllipsia, ^ 

k there represented, rarely includes specimens more ^^H 
than three-quarters of an inch in length. It ought to ^^| 
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be stated, however, that we know little about the" 
embryology of the TrilobJtcs. There can hardly be 
a doubt that many of the so-called species, and even 
genera, are larval stages in the development of the 
same species. I have referred to the common lobster 
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as an illustration of the clearly marked characters 
appertaining to the various stages in the life-history of 
the same individual. Each of these stages is accom- 
panied by as many " moults ; " and if we reason from 
our general experience of the embryology of the 
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Crustacea, we must allow that the Trilobites were 
affected in the same manner. The number of larval 
stages they passed through depends upon the position 
they attained as regards organization. This was much 
higher than Haeckel imagines, and therefore the 
stages may have been numerous. It is to be expected 
that individuals would die and be buried in the muddy 
ooze in each of these intermediate states. Thus found, 
what more natural than to regard them as different 
species, and even different genera? Only a fuller 
knowledge of crustacean embrj'ology will clear away 
a good deal of the useless nomenclature which has 
gathered about these interesting creatures, and it is 
hardly to be expected that we shall ever know their 
accurate life-history. Barrandc, who had such splen- 
did opportunities for studying the Trilobites, and who 
made equally good use of them, satisfied himself, in 
the case of no fewer than twenty different species of 
Trilobites, that they passed through larva! stages, each 
unlike the other. In some instances he traced them 
from when they had only just escaped from the egg 
to the fully developed and mature state. In the first 
instance they had no joints to the body, and there- 
fore strongly resembled one of the carapaces of the 
" water-fleas;" in the last they possessed ring-covered 

I bodies, movable tails, and compound eyes. This 
proves that, although in their young states Trilobites 
resembled the Ostracoda, in their adult life they had 
proceeded much further. Parallel with the instance 
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of the development of the lobster, all the above 
changes noted by Barraode in the Trilobites occurred 
before the animal had attained a tenth part of its full 
size. In Lycll's "Manual of Geology "the student 
will find engravings of the Triniicleus in three stages, 
each of which appears specifically distinct from the 
other. Another skilled observer of the Trilobites was 
Burmeister, who believed that all of them underwent 
metamorphoses. Recently the larva or young of a 
beautiful and highly developed Trilobite {Conocorypiti) 
has been found in this country. In the case of fossils 
less care has been taken than with living animals, and, 
in many instances, some of those who have christened 
species were geologists rather than naturalists. The 
slightest differences have been sufficient to warrant a 
new specific name, and thus it is more than possible 
that the various stages in the life-history of one and 
the same species may be illustrating our manuals as 
distinct genera and species! Even with regard to sex 
in adult individuals.little or nothing is known ; although 
among nearly all the Crustacea these differ .so ex- 
tremely. Owen remarks that the difference in the 
head plate and the terminal spines of the tail in the 
two so-called species named Asaphits eaudatiis and 
Asaphiis loiigkaudatus, may only be due to difference 
of sex ; the inference, therefore, is that these two 
species represent the male and female of only one. 

The earliest Trilobites, such as the eyeless Agiiostus, 
are usually the simplest In structure, so that these 
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animals are not an exception to the general palaeon- 
tological rule that the simpler always precede the 
more complex species of the same genus or class, 
Nevertheless, this simple and elementary Trilobite is 
found in company with a more highly developed kind, 
Agnosias is usually found in large shoals, something 
after the manner in ivhich the carapaces of the ancient 
water-fleas arc met with in some of the Coal-measure 
shales, Owen suggests that this disposition o^Agtios- 
tiis is " as if it were the lar\al form of some large 
Trilobite," The young of all Crustacea usually asso- 
ciate together in shoals, and this suggestion might 
therefore be reasonably taken in consideration with 
what has already been said on the subject. 

The compound eyes of Trilobites are usually thickly 
placed on raised half-moon-shaped ridges, and the fact 
that the sockets are so well preserved speaks plainly 
of the quiet way in which the fine mud was deposited 
in which the animals were buried and ultimately fossi- 
lized. Dr. Buckland spoke of these ridges as being 
" like a circular bastion, ranging nearly round three- 
fourths of a circle, each commanding so much of the 
horizon that where the distinct vision of one eye 
ceased, that of the other began." He also very saga- 
ciously referred to the form of the ridges and their 
position on the head-shield as "peculiarly adapted to 
the uses of an animal destined to live at the bottom 
of the water : to look downwards was as much im- 
possible as it was unnecessary for a creature living at 
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the bottom ; but for horizontal vision in e\'er>'directiol 
the contrivance is complete." I cannot rcrrain from 
further quoting a well-known passage from the same 
author, in which a logical inference is drawn from the 
structure of the eyes of Trilobites, "The results 
arising from these facts are not confined to animal 
physiologj- ; they give information also regarding the 
condition of the ancient sea and the ancient atmo- 
sphere, and the relations of both these media to light, 
at that remote period when the earliest marine animals 
were furnished with instruments of vision in which the 
minute optical adaptations were the same that impart 




the perception of light to crustaceans now living at tl 
bottom of the sea. . . . With regard to the atmosphere, 
wc infer that had it differed materially from its actual 
condition, it might have so far affected the rays of 
light that a corresponding difference from the eyes 
of existing ciustaccans would have been found in the 
organs on which the impressions of such rays were 
then received. Regarding light itself also, we learn, 
from the resemblance of these most ancient organiza- 
tions to existing eyes, that the mutual relations 
light to the eye, and of the eye to the light, 
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same at the time when crustaceans endowed with the 
faculty of vision were first placed at the bottom of 
the primeval seas, as at the present moment," 

That the Trilobites were bottom- feeders and 
haunters, there can be h'ttle doubt. The late Mr. 
Salter, than whom no geologist was better acquainted 
with Trilobites, was of opinion that they not only 
lived there, but fed on the organic mud, something 
after the manner of earth-worms. The simple struc- 
ture of their mouths, and tlie absence of anteun,r nr 
feelers, indicate such a habit. 

My readers will have seen from the illustrations 
the strong external resemblances between the earliest 
king-crabs, such as the Bdinurus, and one genus of 
Silurian Trilobites [TrmncUns). The chief apparent 
difference is in the ends of their bodies, that of tlic 
king-crab being prolonged into the dart shape which 
gives to it its generic name, whilst in the Triniidcus 
it is round. But we have only to glance at figures 
of various kinds of Trilobites to see that they vary 
amongst themselves in this respect. Thus in Asop/ms 
caudalus (Fig. 139), one of the commonest of Lower 
Silurian Trilobites, we have the pygidium, or tail, 
drawn into a point. 

Undoubtedly the Trinticleiis^VX^. 146) is one of the 
prettiest of Trilobites. It has a look which suggests 
the mysterious Egyptian figures of ancient courtiers ! 
The head or cephalic shield is much developed, and 
on each side is prolonged into two spines half as long 
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again as the body. Like the Agmstus and aevc! 
others, the Tr'muclens had no eyes. In this respect 
we find the various genera of Trilobitcs differing very 
much from each other. Some have a verj' large 
number, as Asaphm tyrannus ; and thence we find 
them decreasing until they 
are absent altogether. All 
the genera of the order 
Trinmlcidie, however, arc 
not eyeless ; and this illus- 
trates the uncertainty with 
which the power of vision 
seems to have hcen distri- 
buted among these ancient 
crustaceans. Doubtless.this 
variation was the result 
of special conditions of 
existence, eyes being al- 
ways possessed when they 
were required. Thus the 
living male Bopyrus, or 
shrimp-parasite (Fig. 149), 
has rudimentary eyes, 

Fig. .5. -/'"™&W„ T»sim. ^^.^jjg^ jjjj. fgj^^lj. j,g3 ^g„p . 

but this is entirely due to the very different habits of 
life of the two se.\es, Trinndfus is abundant in the 
Caradoc shales of Shropshire. 

From the Cambrian to the Carboniferous forma- 
tions we find certain Trilobites peculiar to the various 
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Trilobites — the last of their race — which are peculiar 
to the Carboniferous limestones. 

I Undoubtedly many of the fossil Tribolitcs wc 
meet with in any of the above rocks arc tnoii/ts — that 
is, portions of the carapace thrown off after the 
manner of the shells of lobsters and crabs. This 
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moulting process appears to have peeled off the ex 
ternai hard shell in two or Uiree pieces. Thus, the 
head-piece, or cephalic shield, is usually found alone ; 
the thorax, or ringed part, is also abundantly found 

separate ; whilst the pygidium, or tail, is frequently 
met with apart from the others, although it is usually 
adhering to the thoracic part. Of course, animals 




which have died and been buried in the m 
found with all the above parts adhering to each other. 
The carapace or shell differed in its character in 
various species. In some it appears to have been 
very thin, in otlicrs harder. It may have been more 
or less chitinous, after the manner of the elj^h-a o£- 
bcetles, strengthened by the presence of limy 
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111 the Carboniferous Trilobhes {Phillipsia, etc.) the 
carapace seems to have contained more limy matter 
in its composition than other species. In this genus 
\vc always find the nioultings in the two parts of body 
and tail, and head. In the Calymene (Fig. 140) the 
thoracic or ringed part is frequently found by itself, 
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and not seldom the rings are detached, as if the whole 
mechanism of the coat-of-mail-like armour had be- 
come loosened and got scattered about. Undoubtedly 
the chemical composition of the carapace differed 
accordingly as the habits nf the Trilobitcs varied. 
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The Cambrian Trilobites, as a rule, differ from 
their Silurian descendants and representatives in 
having a large number of rings or segments to the 
thoracic (or middle) part of the body. The tail part 
(caudal shield) is, however, less developed than in the 
Silurian species. The side-lobes of some genera, 
Pfiradoxides and Acidaspis, are fringed, and, in the 
case of the latter, further adorned with spines. Some 
of these may have been merely sexual distinctionsj 
although we are now forced to regard tliem as specific. 
Dean Buckland and many other naturalists regarded 
an isopotl crustacean abundant in the seas around 
Tierra del Fuego and the Straits of Magellan, as 
nearly allied to this group of Trilobites. This 
crustacean is called Serolis. Its cephalic shield has 
compound sessile eyes, arranged in half-moon -shaped 
lobes exactly like those of some Trilobites. The 
segments or joints of the thoracic portion of the body 
arc fringed, as in Paradoxides, and there is a movable 
caudal or tail shield, as in Phacops eaudatus (Fig. 1 55), 
an abundant Silurian Triiobitc. Only the antenna: and 
mouth-organs differentiate them. But these are very 
thin and weak, and after death may soon be detached, 
as various geologists believe was the case with some 
Trilobites. The legs are fitted for crawling about, 
but, as is frequent in animals living in sea-water, they 
are also weak and thin. The Serolis is a slow 
crawler and swimmer, and is usually found on sea- 
weed, Some geologists have imagined that a few 
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Trilobites had generic relations with the common 
Afius of our ditches and ponds. Sufficient has been 
said, however, to show how large a middle space 
the numerous family of Trilobites occupy. At the 
one extreme they nearly touch the king-crabs — and 
at the other the aborted shrimp- parasites, as in the 
case of Agnostiis. Perhaps the living Seroiis better 
represents the average forms of Trilobites than any- 
thing else. 
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The Cambrian strata have recently been ex- 
tended upwards as high as the "May Hill" group, 
so as to include rocks formerly classed as Lower 
Silurian. They arc well represented in many parts 
of Great Britain, notably in North Wales and the 
Lake districts, Trilobites of various genera may be 
met with in many localities which are usually visited 
by tourists for the sake of the scenery alone. It is 
one of the privileges of the geologist, that his calling 
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takes him to some of the wildest, grandest, or 
beautiful scenes in nature. Although, In not ; 
instances, rich fossiliferous strata occur in unlovely 
places, amid densely populated neighbourhoods, as at 
the Wren's Nest, near Dudley; yet as a rule fossils 
arc most abundant where the rocks crop out along 
mountain or hill sides or sea-cliffs. In searching for 
them he startles the grouse or the moor-fowl, and 
finds many a lovely mountain plant solitarily bloom- 
ing. Scenes of unsurpassed loveliness are thus re- 
vealed to him, in the grandeur of rock-masses, or the 
panoramic stretch of the valleys below and beyond. 
What wonder if men who have had to toil the year 
round for the bread which pcrisheth, in dingy offices 
or amid the noise and bustle of machinery, should so 
value the week or two of summer holiday, which 
enables them to devote themselves to those geolc^ical 
pursuits which have all the charm and excitement 
of hunting witliout any of its cruelty 1 For, if the 
geologist wishes to change the area of his labours from 
the mountain-side to the seaside, he can do so at 
leisure, without interfering with his success in fossil- 
hunting. Some of the very best sections are those 
to be seen in our sea-cliff's ; some of the richest fossi- 
liferous districts are where the student may be taking 
in a fresh stock of health whilst he is following his 
bent, and is silently impressing on his memory 
scenes of beauty which will last as long as his own 
individuality ! Perhaps it is this direct contract with 
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Nature in all her varied moods which makes such 

enthusiasts of geologists. Not even botanists are 

more devoted to their hobby ; and it is undoubtedly 

this enthusiasm which makes geological investigation 

independent of companionship 

for success. 

The absorption of most, if not 

all, of the Lower Silurian rocks 

into the Cambrian system has, 

of course, largely increased the 

number of localities where fossils 

are to be obtained. The Mene- 

vian beds near St David's, in 

South Wales, are exceedingly 

rich in Trilobitcs ; among which 

Paradoxides Davidis, the largest 

of its order, is abundant. This 

species sometimes attains a 

length of two feet, and j-s there- 
fore, strongly contrastible in this 

respect with the little A^nostiis 

(Fig. 1 50) and the Phillipsia (Fig. '"""''■ 

~ 156). The South Welsh Valleys arc comparatively 

little explored, although the geological student might 

do so to his double advantage, for they are equally rich 
^L in scenery and in fossils. Monmouthshire presents 
^H an area of country where we have, perhaps, a more 
^^k varied geological outcrop than anywhere else in Great 
^H Britain, Near Newport a patch of Silurian strata 
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abounds in several species of Trilobites, notabljni 
Asap/iHs and Ogyg'ia (Figs. 139 and 155), Builth has 
been noted for the number and beauty of its Og}'gia 
Biichii. 

Macntrog and Port Madoc have long been cele- 
brated for their rich yields of Trilobites, The student 
may obtain them, in many places, from the slates 
which build up the walls by the roadside, whilst in 
the quarries there arc usually bands or scams espe- 
cially full of them. Few localities arc better worth 
a visit, for we arc here within the charming circle of 
Snowdonia. The lower Lingula flags arc well deve- 
loped at Macntrog, and one Trilobite is so abundant 
in them that it was proposed to call them " OUnns" 
beds. Two species of the obscure little Agiwstus arc 
associated with it, along with various other fossils. 
At no great distance up the higher parts of the valley 
is Festiniog. A diminutive railway, with cars of the 
same proportion as the narrow diameter of its " per- 
manent way," runs up one side of the valley to Fes- 
tiniog, and the geological student can take advantage 
of it in his rambles, and thus pass over the outcrop 
of beds rich in Trilobites. A locality for Cambrian 
Trilobites is the neighbourhood of Dolgelly, a district 
whose magnificent scenery of wild mountain and 
umbrageous valley is annually drawing to it a larger 
number of tourists and visitors. Here Conocorypfie, 
Agnostus, etc., may be found in certain places in 
tolerable abundance. The student might advan- 
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tageously work liis way to Dolgelly by Trcmadoc, at 
which place he will find abundant employment for 
his hammer. At the village of Penmorfa the slates 
are often crowded with remains of Trilobites. Garth 
Hill is also a capital collecting-ground. In many 
places the Llandeilo Hags are so full of Trilobites 
that Sir Roderick Murchison gave them the name of 
" Trilobitc Schists." I'erhaps the neighbourhood of 
Builth is the best place for obtaining tlicm. Several 
species of Ogygia occur, associated with numerous 
other fossils. 

The Cambrian and Silurian rocks of the Lake 
District arc not so abundant in Trilobites as those 
of North Wales and Shropshire, although I have 
found them in the rich fossiliferous shales of Apple- 
thwaitc Common, and on the Lancashire side of 
Windermere — chiefly Asaphus. Calymenc, HomaJo~ 
mtus, and others occur in the Dalton shales, of 
Upper Llandeilo age. In the Coniston limestone, 
also, wc have lUiCnus, Che'trurus, Agnostus, etc., all of 
them wcU-markcd genera of Trilobites. 

In the Silurian proper (the upper Silurian of geolo- 
gists only a few years ago) wc find Trilobites reaching 
their maximum of existence, both in genera, species, 

Land individuals ; and we have tolerably certain 
evidence that after this epoch they began to decline 
until they became extinct In the loveliest parts of 
North Wales, as at Conway, the De\-irs Bridge (near 
Pentre Voelas), Craig Hir, and at Mynydd Fronfi^'s, 
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about four milts from LlaiigoHcn, among the moun- 
tains, we find abundance of fossils, and among them 
are various species of Pkacops, Calymcue, etc. The 
pretty village of W'oodhope, near Hereford, is anotJier 
charming collecting-ground, rich in Upper Silurian 
fossils ; and here we find Illceims, HomalonoUts, 
Pkacops, etc. Trilobites are also abundant in 
Wenlock shales forming part of the Malvern Hillx.^ 
Of the Dudley limestone and its treasury of these 
peculiar ancient forms of life, I have already si>oken. 
The neighbourhood of Ludlow has also long been 
known as a rich storehouse of Trilobites of \ 
species and genera. 

In the Devonian beds it is only here and there we ^ 
can meet with Trilobites in any abundance. One of 
the best localities is Newton Abbot, in Devonshire, 
where the limestone contains numerous Trilobites. 
The Pilton beds yield certain species of Pkacops in 
plenty. The Trilobites arc most abundant in the 
Middle Devonian strata of England, owing to i 
probable fresh-water conditions under which most a 
the other beds were deposited. The Carboniferous 
limestone, both of England and Ireland, Is frequently 
rich in Trilobites of the genera Phillipsia and Grif- 
fitksides, named after two distinguished geologists. 
At Castlcton, in the Peak of Derbyshire, along the 
outcrop of the strata forming Tre-cHff, is a band 
especially crowded with PhUUpsia ; and in the 
curious gorge to the immediate south of the cav*em 
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called "Cave Dale" (undoubtedly an ancient cavern 
with the roof worn off) we may find this Trilobitc 
ited with a wonderfully abundant collection of 
other fossils. At Salt Hill, Clitheroe, in Lancashire, 
the shales which part the limestone bands are seen 
crowded with the evidently moulted rcmain5 of 
Phillipsia. 

The large number of species, even of British 
Trilobites, obtained from the various strata above 
mentioned, arc grouped into certain families. \Vc 
have first the Agiioslidie, characterized by their small 
size, by the head and tail being covered with two 
nearly equal shields, and the possession of not more 
than two body-rings. This family was eyeless. The 
Olenida or Paradox'tdie had long bodies, with 
numerous free segments. The caudal or tail shield 
was small ; the side lobes were prolonged into curved 
spines. A large number of the more ancient genera 
of Trilobites belong to this family. The Asapkida 
were tolerably large oval Trilobites, with smooth 
carapaces, and possessed about eight body- rings, 
Illmnns and Ogygia are included in this group. The 
Trinncleidie had a large head-shield, ending in two 
long spines, one on each side. The body-rings were 
five or six in number. The CheiruridtE included seven 
distinct genera, which had a geological range from the 
Cambrian to the Devonian strata. The facial sutures 
of the head-shield ended on the outer margin. The 
number of rings or segments was eleven, and these 
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of modern times, we rarely lose sight of them, 
shales overlying the Coal-scams frequently look as if 
somebody had sown millions of pins' heads there : 
these aie the fossil Qfrides, allied to the water-fleas 
seen in our modern ponds and tarns. Shales, slates, 
and thin limestones not unfrequently owe their fissile 
character to the abundance of Entomostracans 
various kinds. 

The large and beautiful Estheria—z form still 
existing, and delighting in brackish water, and whose 
•two shells so much resemble those of a bivalve 
mollusc (even in the recent state) that a young 
student may easily be deceived into thinking he has 
found another sort of animal — occurs first in the 
Devonian rocks, and is also found in the Carbonifcroi 
and Permian series. In the upper Trias of Wanvicl 
shire and Leicestershire it is not unfrcquent ; indeed,' 
it is one of the few fossils found in these strata, which 
are so rich in evidences of physical action — rain-drops, 
sun-cracks, ripplc-marks, etc. — and so poor in palaeon< 
tological souvenirs. 

'he naturalist there are few classes of the worl) 
d also old world) group of crustacca more 
g than the Cirriped'ta, of which our modern 
ills {/yitlaitus), seen clustering after their 
ashion on the rocks, to the detriment of naked 
n bathing — and the stalked kinds {Lepas) seen 
fragments of old wrecl 
ting about and is at length cast ashn 
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In these animals, curious and wonderful as they arc in 
their power of adaptation, we find a class which are 
zoologically more highly organ- 
ized in their larval state than in 
their adult condition. The doc- 
trine of evolution admits o^ retro- 
gression as well as o^ progression, 
and the Cirripcdia are all, with- 
out an exception, illustrations of 
the former. Consequently, for 
the philosophical student to find 
fossil specimens of a group illus- 
trating retrogression is an inter- 
esting fact. 

It would appear as if the 
stalked barnacles {Lefiailid(E) pre- 
ceded in geological time the 
sessile kinds. Thus we find a 
genus of the former so far back 
as the Upper Silurian rocks, In 
wliich Tnrrikpas occurs. In the 
Rhstic strata we have Polli- 
cipes ; we come across them fre- 
quently in true marine strata 
(and all of this group arc of 
a thoroughly marine character), fig. 163. -aa/aiim /#««<"<. 
through the Oolites, into the *"*,^'„*?' „''it;;''^'"^ul 

■ White Chalk, where Darwin 

■ mentioned thirty-two species as ha\ing been dia 
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covered . The White Chalk of Norfolk has, I believi 
proved richest in these stalked cirripedial forms. 
The peculiar angular and striated plates are by no 
means uncommon in the Chalk-pits about Norwich, 
and they arc found fossilized (generally on the out- 
side) on the flint nodules as well. 

Real sessile Cirripedes occur first In the Lias. 
Verruca stromla is common (in detached plates) in the 
Coralline and Red Crags. Species of sessile barnacles 
still in existence — as, for instance, Ealaniis porcatiis, 
etc. — cover the upper surfaces of all the large stones 
at the bottom of the Red Crag strata near Ipswich 
and Felixstowe ; and so firmly do they cling that I 
have frequently seen the pauper-broken flints (obtained 
thence) in fragments, with therr share of thickly 
coated fossil barnacle-shells still adhering to them — 
thanks to the strong precipitation of iron-oxide which 
cemented them more firmly than ever they intended 
to their -original settling-place more than a quarter 
of a million of years ago ! 

What wc call true crustaceans arc hardly repre- 
sented by that early " shrimp," the Hymenocaris. All 
zoologists know that the true Crustacea are now 
separated into the long-bodied kinds [Macrura), such 
as the lobsters and crayfish ; and the short-bodied 
kinds (Brac/tytira), as represented by our modem 
edible crab. Somewhere half-way between tliese we 
may place the Aiioiiiiira, of which the soft-belHcd, 
hard-clawed, and evidently anomalous " hermit-crabs " 
arc examples, 
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It has frequently been pointed out that by care- 
fully studying the cmbryological development of any 
individual up to its adult state, wc may get a glimpse 
of the stages through which the genus or species, or 
even the family, has passed in its evolutional develop- 




racnt. Thus the young lar\'3e of the common crab — 

whose aborted and contracted body is popularly 

kno«'n as the " apron " — in the first three or four of 

its early stages, has a properly jointed 

body like the lobster. The long-bodied j 

crustaceans preceded the short-bodied ' 

ones in order of geological time ; 

that we have here an indication that 

the short-bodied crabs arc descended , 

from long-bodied and lobstcr-likc bridSTS^r^dS:""' 

ancestors. 

The short-bodied cnistaceans (called Brachyura on 
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that account) have not been found in rocks of older 
formation than the Lower Oolita There we get a 
generic form, named by Dr. H. Woodward Pali^ia- 
chiis. The long-bodied Crustacea {Maci-ura) had 
appeared in the stage of creation before the end of 
the Primary period, as Aiil/irapaliemon — the P/ij-llopods 
(a lower group) having preceded them. 

In many English locahtics the fossil Crustacea are 
very beautifully preserved, and are unquestionably 
among the gems of the cabinet when properly worked 
out. In the Oolitic and Cretaceous rocks we have 
the well-known generic type Eryon, not at all uncom- 
mon. The chalk of Hertfordshire has yielded to a 
friend of mine (who was geologically inclined, and 
wanted a "hobby") a number of nnv forms of fossil 
■ crayfishes. The real fact was — they wanted hunting 
up. When the student has learned to recognize crus- 
tacean structure, and he sees a bit of it cropping out 
in the chalk, he must work away with his pocket- 
knife and tooth-brush until the whole of the probably 
buried-iip crustacean is developed. Chalk is a capital 
rock for allowing of this ; the harder Oolitic lime- 
stone is not so easily persuaded to give up its dead. 

When we came to the Tertiary formations, espe- 
cially to the Eocene — or rather, the London Clay 
representative of that interesting formation — the 
higher-developed fossil crustaceans are not uncom- 
mon, and, in places, even plentiful. The London 
Clay of the Isle of Sheppey is a sort of crustacean 
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cemetery. How abundant they are there may be 
best stated by saying that Shcppey /ojj// lobsters may 
be bought in the Strand geologist's shop for sixpence 
each — a good deal cheaper than the price of the 
recent lobsters in the other shops, a door or two away. 
Still, at Shcppcy, and elsewhere, these fossil crus- 
taceans have to be dug out of the clay, or eke the 
collector takes advantage of the weather and the 
waves having washed them out of exposed clilTs. 

In SufTolk we are very advantageously placed in 
this respect. The weather and the waves washed all 
the harder Eocene fossil Crustacea out of the London 
Clay, perhaps during the Eocene period, and they 
were collected together in hollows and other protected 
places. The area these fossils occupied subsequently 
became a sea-floor, and the old derivative fossil 
^^ crustaceans were thus covered up by the dead shells 
^B of a later period, and were even subjected to the 
^H indignity of having their petrified corpses made use 
^B of as settling-places for Red-Crag barnacles (retro- 
H grade representatives of the class of which they were 
^H aristocrats) ! 

^1 Anyhow, you can get any number of fossil crabs 
^1 and lobsters — Brachyiira, Anomoum, z.ni\ Macrura — 
^B in the heaps of phosphatic nodules collected together 
^B and awaiting carting, in the neighbourhood of the 
^H " coprolitc " pits about Ipswich and Fclixtowe. 
^B The commonest of these fossil crustaceans are 
^^^Xanthopsis, Thenops, ZantholUes, Hoploparta, Archao- 
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carabus, Dromilttes (possibly a fossil hermit-crab), etc. 
Some of these derivative specimens are very perfect, 
others are water-worn ; but all are imbedded in what 
was once a phosphatic paste. Singularly enough, 
marine phosphate deposits are frequently remarkable 
fnr their fossil crustaceans ; as, for instance, the 
Greensand "ccprolites" of Cambridgeshire, where wc 
have an abundance of the carapaces of Notopocorysies. 
In the Silurian formation we have certain thin beds 
of phosphorite, or phosphate of h'me, more or less 
associated with Tnlobites, and perhaps partly pro- 
duced by their subsequent chemical transformation ; 
for wc have to remember that the carapaces of crusta- 
ceans arc remarkable for the quantity of phosphate of 
lime which enters into their composition. 




CHAPTER VIII. 

FOSSIL SEA-MATS (POLYZOa). 

Few people, possessed of natural history tastes, can 
have examined the odds and ends thrown upon the 
sea-beaclics of the watering-places in the summer 
without noticing that the larger seaweeds, and even 
the bases of the numerous corallines, are matted or 
encrusted with peculiarly lovely lace-like organisms, 
which bleach to a pure white when dead. A magni- 
fying glass shows clusters of cells, the residences of 
tiny and relatively highly organized little creatures 
which live together in a neighbourly fashion — all of 
them the descendants of an original ancestor, like the 
"ham" ofan early Saxon chief. The cells are variously 
shaped, adorned or defended by spines, etc., so that 
species can easily be multiplied. A good deal of 
lime is employed in the walls and partitions of tliese 
dwellings, hence their durability after death. Some 
genera arc remarkable for the relatively large quantity 
of lime used in their common structure or Polyzoana, 
as, for instance, Escliam, etc. 
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Others are largely chitinous, as the common 
sea-mats (F/us!ra), whose seaweed-like fronds often 
appear as alg^ in seaside albums, but which are 
really an innumerable colony of little cells placed 
back to baciv-, 




Stones, rocks, oyster and other shells are fre- 
quently invested ivitli the spreading growth of these 
lovely organisms. And in this respect we find their 
habits have not altered since the Silurian period, for 
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numbers of the pretty corals, shells, etc., in the lime- 
Stones of the Silurian, Devonian, Carboniferous, 
Permian, Oolite, Chalk, and Crag formations arc 
more or less covered with fossil Polyzoa. Indeed, in 
the Crag beds we often find univalves so thickly 
encnisted with growths of these animals that the 
mollusca must have been finally killed by the mouths 
of their shells being closed. Recent fronds of the 
Lauiiiiaria seaweed just thro\\'n up are sure to be 




found with living patches of these lacc-likc organisms 
upon them. Let the observer snip off a strip with 
such a colony upon it, and place it in sca-watcr. If it 
is of a dull glassy appearance, and not an opaque 
white, the colony is probably alive. When the strip is 
placed in a zoophyte-trough, after a short time, the 
observer will see suddenly popping out of each cell a 
cluster of lily-like petals, sixteen or more in number. 




OUR COMMOX BRITISH FOSSILS. 

These arc the ciliated tentacles, and a higher power ^ 
(say a half-inch objective) will show the cilia actively 
at work on the lobe-like tentacles, so that the sea- 
water is thrown into a state of microscopical commo- 
tion thereby, and particles of floating matter are seen 
whirled about, and finally 
gathered by the vortex into 
the mouth of one of the 
little creatures, whose dia- 
phanous body enables us 
to trace its passage to the 
stomach. The slightest jerk, 
or even the falling of a 
shadow, is quite sufficient 
to cause these zoophytes 
to withdraw \vithin the pro- 
tect ioti of their cells — to 
reappear immediately afterwards. 

All of the Polyzoa are really highly organized 
creatures, possessed of a mouth, stomach, intestinal 
canal, anus, and nervous and muscular systems. They 
are very nearly related to the Asiufi\i or " sea-squirts " 
(especially to those social groups of the latter family 
wc sec clustered on seaweeds, such as Bottylltis). 
The absence of any solid parts in the "sea-squirt" 
family has of course prevented our finding any traces 
of them in the fossil state. This is to be regretted, 
especially as the tadiwle-shaped young of these 
Ascidians so much resemble the internal organization 
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hardly doubts that sea-squirts were in existence i 
the earlier seas of the globe. Had we any fossil 
evidences of them, they might be serviceable 
tracing the original connection between the Inverte- 
brates and the Vertebrates. 

These sea-mats are also related to another groups 
of animals which, as wc have already seen, played a 
very active part in the seas of the Palrcozoic epoch— 
the Lamp-shells or Brachiopoda. In fact, sea-mats, 




sea- squirts, and lamp-shells arc all grouped in thel 
division MoUitscoida. 

It is a common error to associate the sea-mats | 
with the Corallines. In reality these two groups of] 
animals are widely separated by zoological character!^ I 
although not unfrequently they greatly resemble each I 
other as far as externa! characters go. 

The most beautiful, and perhaps also the mosfcj 
extensive, of the ancient sea-mats were the Friiestetlidi 
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They abound In the marine deposits of all thePaI.-eo- 

c rocivs, from the Lower Silurian upwards. The 
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geologist findiithcm crecpinfj over shells and cncnnitc 
stems, and they are often spread out in a fan shape. 




The limestone shales of the Silurian and Carboniferous 
formation contain them in great plenty, as is indicated 
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by the fact that Mr. G. R, Vine obtained, by washing 
from six to eight tons of Wenlock shale, a vast number 
of specimens of fossil Polyzoa, among which the genera 




Sto>nat(^ora, Spiropora, Glaueonome, Horttera, Fniei 
tella, etc., were abundant. Certain localities are dis- 
tinguished for the abundance of fossil'sca-mats they 
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have yielded, but it is really because there have been 
enthusiastic geologists to work them. Mr. Vine hasM 
astonished palseontolt^ists by tlic great number ( 
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' species he has obtained by carefully washing, 
sifting, etc., deposits likely to contain Polyzoa in 
nearly all our British marine strata. Mr, John Young^, 
F.G.S. of Glasgow, has similarly worked the Lower 
Carboniferous beds of Scotland, and has carefully 
brought to light a wonderful variety. Hairmyres is 
perhaps the best hunting-ground for these delicate 
little fossils in Scotland, and the Ilalk-yn Mountains 
in Wales. But they are easiest seen on the surfaces 
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of the thin dark bands of shale which frequently occur 
in all limestones. 

The Oolitic limestones arc frequently rich in 
Polyzoa, of which perhaps Diastopora is the com- 
monest genus, and Bidiastopora, Esdiara, and Jdmonea 
the next. 

In the Chalk (a deep-sea deposit — and the Polyzoa 
seem to love clear water, as is proved by the 
abundance of recent species on the "Gulf-weed") the 
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of beauty. About twit' 



sea-mats attaint 
hundred species are said to have been already described 
from this important formation, most of them belong- 
ing to the genus Rsckara. I have found that the best 
objects on which to look for Cretaceous fossil sea- 
mats are the naked tests of such sea-urchins as 
Ananchytes and Galeritcs. Vcrj- few of these fossils, 
excavated from the Norfolk Chalk, and then carefully 
and tenderly washed, but have a sprinkling of fossil 




Fix- iB(,— C«!l>or^i''uri'/r;niCi>/iVrV'ii(iniitnilinl). 



sea-mats over them. Not a few may be found com- 
pletely invested with them (all but the base), looking 
as if the "fairy-loaves," as they arc called, had been 
packed away in delicate Honiton lace, and all had 
been fossilized together. We find these Cretaceous 
sea-mats actually silicified, which shows what a great 
chemical change is often included in fossllization. 

We do not lose sight of fossil sea-mats in our 
British Eocene deposits, but the place to find Tertiary 
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species in superabundance is the "Coralline" Crag, 
which took its geological name from their numerical 
abundance, in the early zoologica! days when sea- 
mats and sea-firs {Hydroaoa and Polyzoa) were 
grouped together as " corallines." 
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The "re-deposited" Coralline or White Crag Is 
best seen in the neighbourhood of Aldborough and 
Orford, in Suffolk, where it is about eighty feet thick, 
and of a pretty cream-colour. The fossils in this 
bed arc abundant, but every one is encrusted with a 
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ture, each surface of this convoluted and radiated 
structure showing the latticed appearance of a sea- 
mat. This is Fascicultxria aurantium. Other common 
kinds (about which Professor Busk wrote a mono- 
graph for the Palzeontologicai Society) are several 
species oi Hornera, of which the most beautiful, perhaps, 
is Il.reieporacca; several species oi Alveolar ia, the finest 
and largest being A . semiovata ; of Esc/iariT, and Celk- 
pora. Some of the latter species arc branched and 
resemble corals ; others, as Cellepora cdax, have crept 
over, covered, and suffocated the inhabitants of uni- 
valve shells. Hydractima is also found in the fossil 
state in the Coralline Crag, covering shells in a similar 
manner. Other abundant sea-mats are various species 
of Lepralia (found covering the interiors of empty 
bivalves), HeUropom, and others which tlie collector 
will not fail to gather about Orford and Aldborough, 
in greater abundance than his powers to remove them 
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CHAPTER IX. 

FOSSIL LAMP-SHELLS (bRACHIOrODA). 

Reference has already been made to this class of 
fossils as being by far the most numerous in the 
Primary rocks. The limestones arc not imfrequentiy 
wholly composed of their ancient shells. They arc 
also very abundant in the Secondary strata, although 
less numerous than in those preceding them ; whilst in 
the Tertiary marine deposits they are much scarcer, 
and in the Recent or present period comparatively 
rare. Thus the Geological Record presents us with 
the interesting spectacle of the rise, growth, decline, 
and fall of one very large class of marine animals. 

Notwithstanding this inability on the part of the 
Brachiopoda to compete successfully in the struggle 
for existence with the more highly organized mollusca, 
it is very singular how persistently certain genera 
have maintained their distinctive features through 
periods of time as vast as that which has extended 
from the Silurian epoch to the present day, lik'c the 
Linpila genus, for instance, has done. One can 
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harcliy distinguish the fossil Lingulas, found so abun- 
dantly in the Lingula Flags (whence the name of the 
latter deposit), from those still living, and possessed of 
the same kind of peduncle or anchoring appendage, 
as well as the same semi-horny structure of 
Ehell. The pretty TerehmtuUi striata, found 
not uncommonly in the Chalk near Nor- 
wich, is believed to be even specifically 
identical with a form still living in British 
seas, but known by another name. Mr, 
Thomas Davidson, F.R.S., in his exceed- 
ingly lucid papers on " What is a Brachi- 
opod ?" published in the Geological Maga- 
sitte for 1 877, says, " What wonderful 
changes have been operating during the 
incalculable number of ages in which the 
creation and extinction of a large number 
of genera and thousands of species have 
taken place ! Some few only of the 
primordial, or first created genera, such 
as Lingula, Dlscina, and Crania, ha\-c 
fought their way and struggled for exist- 
ence through the entire sequence of geo- \ 
logical time ; 

comparatively ephemeral existence, ' 
others had a greater or lesser prolongation of repro- 
duction." 

It seems as if the very name of this order contains 
a fossil idea — that these animals employed their long 
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many were destined to a (recem). »iiow. 
while 
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coiled arms for locomotive purposes. Such was the 
origin of the term Brachiopoda, or "arm-footed." 
And, although Professor King endeavoured lo change 
the name to Palliobranchiala (or " mantle-giUed "}, the 

• latter somehow has not " stuck." Suffice 
it to say, therefore, that the long arms 
of the Brachiopoda — so distinctive a 
feature in their anatomy and physi- 
ology — are only labial appendages to 
tlie mouth, bringing food by means of 
tlieir currents, and air as well ; but 
("siiiitun fg^ma- ' are never employed as locomotive 
Cleans. 
The young of the Brachiopoda, like those of such 
well-known bivalves as the common oyster, are free- 
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swimmers. In this stage they are believed by 
some to show evidences of annelid affinity — ^just as 
Mr. Harmer has recently demonstrated that young 
Polyzoa show affinities with the Rotijcrs. It is 
interesting thus to see the hitlierto unstudied stages 
of cmbryological development enabling the naturalist 
to join hands across a space which the boldest investi- 
gator would not have dreamed of half a century ago ! 



Fossil LAMP-SHELLS. 

The common name of "lamp-shells," given both 
to fossil and recent species of Brachiopoda, is due to 
the resemblance of the two valves, ventral and dorsal 
(minus the handle), to an old Etruscan or Roman 
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lamp. The ventral valve is the larger, and usually 
has a perforation in the upturned beak, exactly like 
that through which the wick passed in the ancient 
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lamps. Older naturalists were, of course, more 
affected by external appearances than by internal 
structure — even supposing they took any notice of the 
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latter — and by them this group of fossils were called 
Lampadcs. 

The structure of the shells of BracJiiopoda (as 




Dr. Carpenter has clearly shown) is different from 
that of the bivalves or Lamcllibranchialc mollusca, 
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Fig. t^.—Slnfhomiiiii drfritm, shuwJns esletinr .loJ iiilci»t &f wl.cs IJ-lliirUn), 

although it represents one .stage in the formation of 
the shcll.s of the latter — that of the outer layer. 




ntBiii. (L:iiUMUren>u> luiHUanc). 

Owing to the large size of the " arms " (as they are 
still technically called) of most of the Brachiopods, 
the interior of the valves contain remarkable struc- 
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^H tures, which arc useful to the paleontologist in 

^B enabling him to classify these fossils. In many 

^P genera there is a limy, brittle, and delicate structure, 

assuming cither the shape of " plates," " loops," or 

"spirals." Vzry frequently we get fossils in which 





these arc still preser\-ed, and the experienced worker 
among the limestones of the Palaeozoic rocks knows 
that the "chert-bands" — that is, the accumulation of 




chemically combined silica and h'mc (analogous to 
the flint-bands and nodules of the Chalk)— arc the 
best places in which to look for the internal spirals, 
loops, plates, etc., of the fossil Brachiopods. For in 
such places the outer shell has been dissohcd away, 
and the internal and more delicate " skeleton " has 
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been preserved, and is now perhaps encnisted 
microscopical crystals of silica. * 

In all cases, this internal loop, spiral, or whatew 
shape it may have assumed, is merely the mechanic 
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support of the brachial or labial coils, about whig 
remarks have already been made. 

Not unfrcqiicntly this internal loop (as in some 
Terehrattili^) occupies more than half of the interior 




Fig, !l.^-.S:/<rirtT^ 

of the shell. In the Spirifcra there arc two conicl 
coils or spires (whence the name of the genus- 
" spire-bearing "), the apices of which are on each s 
In the Pentamerus we have it developed as a seii 
oi plales, dividing the interior into five parts, UM 
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largely developed, and assumes such a variety of 
forms that it proves useful for classificatory purposes. 
The spiral coils arc found in Sp'trifer, Spiri/erina, 
Athyris, Retzia, Merista, c\.c. In the Rhynclionellidm 





the fleshy arms arc usually supported by the pair of 
short plates alluded to, and sometimes by spirally 
coiled ribbons, closely pressed together, and having 
the apices of the flattened 
spires meeting within, in- 
f stead of the reverse way, as 
in the Spiri/cree. This struc- 
ture is best and most com- 
monly found '\nAtrypa. 

The enormous size of 
the plates inside the Pen- 
taiuerus is finely seen in the large and beautiful Upper i 
Silurian fossil Peiitamertis Knightii, which frequent! 
splits open with great case along the planes or fa« 
of these internal divisions. 

The Craiiias arc easily identified, for they ■ 
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found adhering like limpets, by the entire surface of 
the ventral valves, to other fossils. This family has 
had a wonderfully long range in geological time, for 
species belonging to it arc not uncommon in the 
Silurian rocks, and the genus has lived on ever since 
into our own time, and is still to be found in British 
seas, particularly in the marine lochs of Western 
Scotland. 

The valves of Stropltomena — abundant in the 
Silurian rocks — arc semicircular in shape, and the 
two valves vary, being sometimes flat or concave or 
convex. It is the type of a family of Brachiopods 
to which the well-known genera Orthis, Lephvna, 
Streptorhyckns, etc., belong. 

The ProdiiclHs family is a very important and 
a very interesting one. These fossils usually occur in 
great specific abundance, so that if we meet with one 
or two individuals we may expect to find others. 
Indeed, the living Brachiopods arc still distinguished 
by their social or gregarious habits. Where they do 
occur, they live in abundance. One of the pleasantest 
rewards of the dredger in Oban Bay and there- 
abouts is to bring up a clinker with half a dozen 
living Terebralulina capiit-serpntlis. What a sensa- 
tion it is to see in the flesh a representative of 
one of the oldest and most continuously unbroken 
families of the globe! It is like raising a ghost 
unawares. One of the best-known of living Bra- 
chiopods is the Australian Waldlmmia Aiislralis. We 
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sec it in every museum, and in most private col 
lections ; and it can be bought very cheaply, which n 
perhaps a still better proof of its commonness. Thi 
Brachiopod can be gathered by handsfuU in the reefs ' 
of the Australian coasts. Evidently, in the "good 
old times" (which must be the last lingering memory 
of the Urachiopods), this habit of living together not 
only characterized the race, but had very important 
geological results. Who can visit the bold Eglwysey 
rocks, in the Vale of Llangollen, for instance, aiM 
see how the white limestone is in places compi 
entirely of the valves Prodiicliis LlangoUieiisis, with- 
out feeling that if it had not been for the abundance 
and gregarious habits of this Brachiopod in the early 
Carboniferous seas, those very rocks ivould never 
have been in existence ? The same may be said < 
the Carboniferous limestone near Buxton, where thc| 
huge Productiis giganteus — not unfrequently as larj 
as a child's head — builds up the rock wholesale;) 
Rhynckonella Wihonii in the Silurian limestones, and^ 
Rkynchomlla socialis (deservedly so called) in 
Oolites, have performed the same geological feat. 

The Productidi^ arc very easy to make out, not- 
withstanding their strong specific differentiations. The 
two shells arc either concavo-convex, as in Prodiietas 
giganleus, P. Martini, P. cora, etc., or round above 
and flat beneath, as in Prodnctus pitmtatus, etc. The 
valves are, moreover, frequently adorned with spines^'' 
as in Productiis xpiuosiis (armed with them like \ 
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coiichological hedgehog), or the well-known Pro- 
ductus horridus of the Permian rocks — the latter 
found In good condition near Tynemouth. Another 
feature about the valves of the ProdttctiiS family is 
that they are "auriculated," which means that the 
shells are more or less drawn out on either side of the 
hinge-line. The Produclida: have been extinct ever 
since the close of the Primary or Paleozoic epoch. A 
microscopical examination of the shells of any species 
of Productits would alone enable a student to identify 
it, if only on account of the peculiar " canals " which 
are present. 

Speaking of this group of fossils, Mr. Eiheridgc 
says — "The significance or importance o{ Product us 
as a Carboniferous genus cannot be overlooked when 
determining, through its species, definite horizons in 
these rocks. It is ubiquitous ; in no region on the 
globe, where Carboniferous rocks are developed, do 
we not find this characteristic shell, and in vast 
abundance — in the Polar regions, Australia, New 
Zealand, Van Dicman's Land, India, America (in 
fifteen states), throughout Europe, and in Africa." 

The space in the hinge-line between the t\vo 
shells (deitidium) has to be taken into account in 
the endeavour to identify species. This is largest 
developed in Splrtfera deltoidea — of the Car- 
boniferous limestone — and is not an uncommon 
fossil at Castlcton, in the Peak District of Derbyshire, 
— surely, one of the most delightful for a young 
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geologist to "break ground" on, to be found witt 
the narrow circle of the present British seas. 

TerebraUilidie is a well-known group of fossil 
Brachiopods, which have been in existence from the 
Devonian period without losing their distinctive cha- 
racters up to the present day. The genus reached its 
climax during the Oolitic period, when nearly seventy 
species were in existence. Waldheimia AnslralU — the 
antipodal representative — seems to be doing well 
and flourishing yet, as though the country 
is still the abode of Marsupials (the loiu-^ 
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Secondary type of Mammalian life that preceded the 
high-pressure forms of the Tertiary and Recent 
periods) ivcrc a belated geological area both as 
regards sea and land. What an abundance of species 
of TercbraUila occur in the limestone of all the geolo- 
gical periods ! Tcrebralula hasiata swarms in many 
localities in the Carboniferous limestone. About 
Castlcton, Derbyshire, and near Clitheroe, Lanca- 
shire, we get it in every stage of growth, and with 
remnants of its ancient radiating colour-bands still 
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adorning I'l. The noble Pentamcriis Knight'ii of the 
Aymestry hmcstonc used to be so abundant that it 
was used to mend the roads with. Terebratitla sella 
is no less abundant in the Oolite ; T. cariica and T. 
globosa, equally so in the White Chalk of England, in 
almost every Chalk-pit. 7". grandis, of the Suffolk 
White Coralline Crag, is the hugcst and finest of all, 
but uncommon enough for the young geologist to be 




delighted when he finds a specimen with both valves 
still united. 

The fossil Bracliiopoda Have undergone great 
changes. In the Cambrian, Silurian, and Devonian 
slates we find them chiefly as casts, the fossils being 
natural casts of the interior of the shells, and the 
slates retaining the impressions of the external ribs 
and other markings. On the top of Snowdon, and 
elsewhere, we find them imbedded in volcanic ashes. 
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which accumulated on the ancient Silurian 
bed. The original lime of the shells has in all these 
instances been dissolved away by the action of perco- 
lating water. 

The Upper Silurian rocks, limestones, and shales 
arc perhaps the best hunting-grounds for fossil 
Brachropoda. More than a hundred species are found 




in them, and there is not a single locality where these' 
rocks are quarried (that I know of) where fossil 
Brachiopoda cannot be obtained. Some districts arc 
especially noted for them — the Wren's Nest, near 
Dudley; Aymestry; Woolhope; thcMalverns; Girvan, 
in Ayrshire, etc, They are not less common in ihe 
Devonian and Carboniferous limestones as regards 
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individuals, The most notable form in the Devonian 
rocks is Calceola, which occurs in such numbers near 
Torquay and Newton that the rocks are technically 
called " Ca!ccola-beds." Every geological formation, 




and most subdivisions, have their suite of peculiar 
Brachiopods. The coins of the later Roman empire 
do not succeed each other more rapidly than do thc^e 




fossils in the rocks of Paleozoic age. Hence their 
great value to the geologist in helping him to diagnose 
the strata where he happens to find them. Another 
peculiarity about the Palxozoic Brachiopods is their 
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world-wide character — many of the same species dis^ 
tinguish Australian and American Hmestones and 
shales which are characteristic of British rocks. Alto- 
gether this is a most interesting scries of animal 
forms, and one which has played no small share in 
the formation of the stratified rocks of the earth's 
crust — living on through long periods of geological 
time ; silent witnesses of those great world-throes 
and world-changes, each appearing at the time 
destructive, but all of which were combined to make 
our world such as we find it to-day. 




CHAPTER X. 
"fossil moli-usca (pal,i;ozoic, or primary). " 

niVALVES AND UNIVALVES. 

It does not need much mental preparation to per- 
ceive that the hard parts of those animals popularly 
called "shell-fish" must have contributed very largely 
to " fossil remains." They are so abundant, so widely 
spread, so wonderfully adapted to almost every phy- 
sical condition of the earth's surface — terrestrial, fresh- 
water, brackish water, shallow and deep seas, — to cold, 
temperate, and tropical regions alike — that it is not 
surprising the geologist pays great attention to the 
suggestions which fossil niollusca give him. More- 
over, mollusca are. perhaps, among the most perma- 
nent and stereotyped, and the least inclined to change, 
of animal forms. The fossil fresh-water mussels which 
flourished in the extensive lakes of the Old Red 
Sandstone period {Atiodonta Jukesii) do not differ in 
any important character from the Swan mussels 
(^Anodofi), so abundant in English lakes and rivers at 
the present time ; the Paludina of the Wealden epoch, 
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and the Planerbts of the Eocene, are so li 
of the same genera now abundant in any of our 
streams and ponds, that the least informed student 
'would identify the relationship at once. 

Perhaps tliis wonderful persistence of type in 
fresh-water mollusca is to be found in the fact that 
fresh-water conditions experience less change in phy- 
sical environment than any other. The water of the 
Old Red Sandstone lakes may have been exposed 




to warmer conditions than those of Great Britain now, 
but in the deeper parts the bivalve mollusca would 
find almost similar conditions that modem fresh-water 
bivalves would be able to select, if they chose to 
do so. 

The composition of the shells of bivalve mollusca 
is not always the same. Indeed, we may somewhat 
definitely separate them into two classes, according to 
the chemical composition of their shells— (-(iiV/ftf 
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and arragonilic. To the modern student of moUusca 

this may not seem of the same hnportance it is to the 
geologist. To the latter, this difference in the compo- 
sition of the Hmy shells of bivalves is frequently of 
great value ; for the valves composed of the Hmy 
mineral arragonite are liable to be decomposed by 
the action of percolating water through the rocks in 
which they arc imbedded much sooner than those 
constructed of calcitc. Hence the geological student 
finds the remains of fossil mollusca possessed of shells 
composed of arragonite chiefly, if not entirely, as 
easts. Calcite is a more stable or endurable form of 
lime than arragonite — hence the reason why mollusca 
whose shells arc formed of arragonite are found as 
casts, whilst those whose shells are of calcite appear 
to be unchanged. 

Shells are useful to the geologist, also, in quietly 
but emphatically convincing him of the former con- 
ditions of marine and fresh-water deposition of strata- 
He finds them bored by marine sponges. Or tliey 
may be covered, inside and out, with the tubes of 
marine worms or Polyzoa, or spat of ancient oysters 
— in which case he knows these fossil bivalves died, 
and their parts separated, before the contemporary 
creatures which made use of them for a mechanical 
foothold could spread there. Such conditions quite 
correspond to those he sees going on nowadays at the 
seaside. 

Bivalves and univalves arc the most abundant 
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the mollusca, and their hard parts or shells are among 
the most v-aluable and durable of all the " medals of 
creation." But doubtless there were sea-slugs in the 
ancient seas, just as there are now.but as they possess 
no hard parts (except teeth}, thej- ha\-e not contri- 
buted io any notable way to fossil remains. When 
■wc study the fossil motlusca, we see that the uniialvea 
have been more modified than the bivah-es. Mr. J. 
Starkic Gardner has also noticed this fact. He states 
that, as regards bivalve moUusca, there does not seem 
to be any broad rule of progression. The contrar>* 
is the case with the univalves or Gasteropods. In 
them, says Mr. Gardner, there is a most unmistakable 
and pronounced tendency to elongate the canal. He 
therefore thinks that the presence in greater or less 
numbers, or the absence, of spindle-shaped or fusi- 
form shells possessed of lengthened canals, would be 
an infallible test of the geological age of any group 
of Gasteropods, from the Oolitic rocks to the Eocene. 
Thus, (he Cones and the Cowries arc among the most 
highly differentiated of Gasteropods, and they 
also the latest introduced. 

The mollusca have a geological value in deter^ 
mining the physical conditions of ancient seas. 
Where bivalves abound, as in the different strata of 
the Oolite, we ha\'e evidence of shallow water, and 
this is usually supplemented by other facts. Not 
unfrcquently the univalves bear similar testimony, for 
many littoral or shallow-water genera have a 
high geological antiquity. 
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One broad fact also strikes the geological student : 
the specific and numerical abundance of mollusca, 
bivalve and univalve, is greatest in the most recent 
formations, and least in the oldest ; whereas the specific 
and numerical abundance of the Brachiopods is just 
the reverse — greatest in tlie oldest deposits, and scan- 
tiest in the latest formed. 

The shells of bivalves may be regarded as hollow 
cones. The umbo or beak is the apex of such cone. 
The shells are frequently unequal-sided, one being 
more elongated than the other. The mouth of the 
animal within the shell is uniformly on that side of 
the body indicated by the umbo or beak ; hence this 
is called the anterior or front part of the shell. The 
two valves arc hinged together by projections and 
notches which accurately fit each other, and these arc 
technically called "teeth." Their number, size, and 
position have to be carefully noted, for they arc 
among the chief means of diagnozing genera and 
species. 

Inside the shells of all bivalves, fossil as well as 
recent, the student will observe well-defined scars, 
which indicate where the mantle of the animal was 
attached, In some mollusca the mantle is in two 
halves or lobes which are united along their edges, so 
that a siphon is necessary to admit water to the gills. 
Such bivalve mollusca are usually sand and mud 
dwellers, and during life are imbedded in an upright 
position, with the siphon projecting above the muddy 
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bottom where they arc protected. These siphons c 
be lengthened or shortened at the will of the animal, 
by means of special muscles. These muscles leave 
their marks on the interior of the shell, so that a_ 
naturalist can readily tell a Siphonatc moUusc fro 
an Asiphonate kind. In the latter, the scar left 1 
the mantles attachment is unbroken ; in the formet;-" 
it is indented into a sort of bay or j/«mj. Scars are 
also left by the adductor muscles, which close the two 
shells and defend the animal from enemies. 

Singularly enough, there is a geological jxrculia 
about the two kinds of bivalves just mcntioncdM| 





<Siluina). 

The siphon-bearing {Siplwnale) mollusca get more 
numerous in the Secondary rocks than they were i 
the Primary, whilst they arc far more numerous ii({ 
the Tertiary .strata than in the Secondary. 
Primary and early Secondary rocks are marked by a 
preponderance of siphonless {Asiphonati) bivalves. 

Fossil bivalves first make their appearance in the 
Lower Tremadoc rocks, where about twelve species 
have been found. The univalves first appear in the 
Arenig rocks. In the neighbourhood of St. David's 
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four genera are met with, among which are the ancient 
forms of Plairolomaria and Eiwmphalus. 

But neither bivalves nor univalves are very abun- 
dant in our British Cambrian rocks. Perhaps the 
district of Ty-Obry, North Wales, is one of the best 
for finding this class of fossils, among which are 
Palimrca socialis, and species of Cienodonla. These 
are, in reality, very highly ,^--^a^ 
organized bivalves, and the (e^^^ 
fact that they are among ^~— 
the oldest known indicates, Pi*-''9.-f''-w...r.«»r™f/fl. 
if evolution be true, that many other simpler forms 
must have preceded them. 

In the Silurian rocks the true moUusca grow more 
abundant ; and in the Upper Silurian, although there 
arc few species, these arc individually abundant. 
Both in the Cambrian and Silurian rocks (except in 
the limestones of the latter) the fossils exist as casts. 
The lime of the true shells has long been dissolved 
away, and only the impressions left in the rocks 
where they were originally imbedded. These im- 
pressions have often been filled in by infiltration of 
some other material, so that natural casts of them 
have thus been taken. Nevertheless, vast numbers 
of the fossils in these older rocks are only to be met 
with as impressions. Many of them arc \'cry clear 
and beautiful ; others are not only obscure, but often 
pulled out of shape by having partaken in the mole- 
cular movements resulting in "cleavage." 
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The most abundant of these early genera 
mollusca, besides those already named, are — Patella 
(the limpet, whose simple cone is an index of the 
degree in which all univalve shells have been modi- 
fied), BeUerophon (a " heteropod." or free-swimming 
gasteropod), Natica (which has been in existence ever 
since, and is still abundant in British seas), Mur- 
chisonia, Holopella, Loxonema, Cyclonema. OphUcl/t, 
Orthouota, Amhouychia, Pterinea, Myacitfs, Cnrdiola, 
Nucha, etc. In the Middle Silurian rocks which crop 
up about Eastnor, in the Malvcrns (a locality not 
likely to be soon forgotten for its quiet beauty), one 
bivahe, Nuclea Eastnori, is common. Several small 
quarries may be visited in Eastnor Park where these 
fossils are to be obtained. Near Bronsil a lar^ 
species of Pterinea occurs. 

The Upper Silurian rocks almost everywhere yield 
plenty of fossil mollusca. In the hardened Wcnlock 
shales about Llangollen, Cnrdiola inlcrvtipta: is most 
abundant ; the casts showing that tite two opened valves 
were not separated. The Ludlow beds in the quj 
on the side of the river opposite the picturesque 
castle, are crowded with Ctciiodoiita and Orthotiota. 
In the Wcnlock limestone of Shrop.shirc and South 
Staffordshire that splendid fossil univalve Eiiomphaliis 
rugostis is abundant. 

The Middle Devonian strata of North Devon 
occur in about the most varied and picturesqu< 
portion of that charming county. I have found 
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little botany an excellent help-meet to fossil-hunting, 
for they can both be pursued together. Nowhere is 
tliis twofold pursuit more delightful than along the 
coasts of North Devon. At the Little Hangman, the 
rocks in places are fossiliferous, although only to be 
met with as casts. Here is that singular and easily 
recognized bivalve Megalodon, and large mussel 
NatUa.ctc. The quarrj- at Hagginton Hill abounds 
with fossils, and the pedestrian will frequently meet 
with them as he hammers his way along from Ilfra- 
combe to Combe Martin, At Pilton and Barnstaple 
the Upper Devonian rocks yield abundance of A vicula, 
Otcculea, Modiola, etc. Perhaps the richest locality 
for obtaining these arc the rocks on the summit of 
the hill at Bagg>' Point : Braunton, Manvood, and 
other localities, also yield them. Top Orchard quarry 
has long been a recognized Devonian hunting-ground, 

The Devonian limestone also contains fossil mo!- 
lusca. The ancestors of the common cockle {Car- 
diiim) first appear here. Loxonema Murchison'ia, etc, 
are found in the limestone at Plymouth, Chudleigh, 
Newton Abbot, and elsewhere. 

Fossil fresh-water mussels, ncarl)' allied to the 
common swan mussels of our rivers, arc in abundance 
in the Old Red Strata of Kiltorcan, in Ireland, The 
species {Atiodotita Jukcsii) was named after the late 
director of the Irish geological sur\cy. This fossil 
bivalve is also found in strata of similar age in 
Scotland. 
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The Carboniferous formation, in all its div 
contains plenty of fossil mollusca. In places these 
are overwhelmingly abundant. The limestone yields 
several species o{ Nntica. At Castleton, in the Peak 




of Derbyshire, these fossils arc very beautifully ] 
scr\'cd, and often of large si^c. The largest specie! 
however, is to be met with in the neighbourhood c 




Clitheroe, in Lancashire, associated with Btllcrophon. 
Both are met with as solid casts, often besprinkled 

with small crystals of calcitc; and the gcolt^ist wil 
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see them ornamenting the window-sills of the cottages, 
or conspicuously placed in the " rockeries " of the gar- 
dens. Euomphahis pentangiilatus is another abundant 
Carboniferous univalve, and one of the most beautiful. 




It is verj' easily hammered out of the rock, where its 
hollow coil leaves a pretty impression. At Castleton 
it is extremely abundant, and may be met with in every 
stage of development ; but, in point of fact, it is one 
of the most abundant and cha- 
racteristic of the Carboniferous 
limestone fossils. Pleitrotomaiia 
cannula is abundant in places, 
as at Castleton — one of the bcwt 
localities in Great Britain for 
the exquisite state in which the .rt-i^nMCjuWifcloiu* 
fossils are preserved. I have met ™" ""' 

with Plairotoiiiaria there with the zigzag markings 
still quite distinct. Capiilus or Calyptrca, A'aticopsis, 
Mnrchisonia, Solarium, Ncrila, Postdotioinya, Sitn- 
gniiioliles, Piiitin, Pecien, Cardioworpha, etc., are not 
unfrequcnt. In the black Carboniferous limestone 



of the Isle of Man Satigiiinoliles is locally ■ 

plentiful. 

The Yoredalc shaJes, and also the true Lower 
Coal Measures, often contain an abundance of f 
marine mollusca. Of these Pos'idonomya and Avii 
pectm papyracms arc most numerous. The forra« 
is a small, thin bivalve ; the latter of much larger 
size. In the black shales which crop out in the 
gorges and vallcj-s near Hebden Bridge and Tod* 




■ »} — Jr WsA/fHi"/^ *■ I Fie. m,— ^■i(™/*«Au>ni/ 
(Larbonifrrous forma on) ((Jarbrniifaous lioitsc 

morden, Aviculo-peeten is converted into iron-pyrites, 
and the black shales look as if they had been gilded 
all over with pictures of this fossil. In the shales 
of the coal-seams in the Lower Measures near 
Oldham, and also in a similar situation in strata of 
about the same age at Halifax, W;vV/r/.:i-jVr/(7/ is un- 
compressed, and usually converted into carbonate of 
iron ore. This fossil is quite as abundant in the 
shales of this age in Ireland as in England. At t 
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prett)* spa of Lisdoonvama, county Clare, it crowds 
them everywhere and the chemical decomposition 
of the pyrites, these fossils were originally converted 
into, has probably originated the sulphur springs. 

Fresh-water mollusca take the place of the marine 
forms in the Upper Coal Measures. The most abun- 
dant is the genus Atithrmosia, or " fossil mussel." Its 
dark-brown shells, often much flattened and crushed, 
may be found in the greatest abundance on the shale- 
heaps which accumulate near the coal-pits in Lan- 
cashire, Cheshire, and Yorkshire. In the coUcries near 
Wigan several species may be obtained; oncikind, 
A. robiisla. so named on account of its greater size, 
is most abundant about the pits where the " Arlcy 
mine" is worked for coal. These Anthracosia arc 
sometimes so numerous that the surfaces of the 
shale arc completely covered thereby. Not unfre- 
quently they are converted into argillaceous iron ore, 
and can then be picked out of the soft shale like nuts. 
At times they form bands of ironstone, rich enough 
to be worked and smelted, as at Carron, in Scotland, 
where the celebrated " Blackband " ironstone is formed 
of nothing but mincrally altered mussel-shells. The 
geological student can hardly go to a coal-pit in 
I^ncashirc and Yorkshire, especially in the neigh- 
bourhoods of Manchester and Barnsley, without finding 
plenty of Anthracosia, 

The Permian rocks of England are nowhere par- 
ticularly rich in fossils — except, perhaps, a fcM- localities 
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near Tynemoutli, where nests of minute Rissoa-Hke 
univalves are found. Bakei'ellia and Scki::odus are 
the characteristic bivalves. The former used to be 
met with in great abundance in the Permian marls 
at Collyhurst, Manchester, but the place is now com- 
pletely built over. The best Permian fossil-bearing 
localities arc in Durham. About one-half of the 
fossil animals found in the Permian strata of Great 
Britain are mollusca, which fact is a fair index to 
the comparatively rapid manner this group had deve- 
loped since its first scanty representation in the Cam- 
briaiitformation. Some important genera first appear 
in the Permian, most notable among wbicli, p< 
is the genus Myiiliis, or the true mussel family. 




CHAPTER XI. 

FO.SSIL MOLLUSCA (.MESOZOIC, OR SECONDARY). 

Fossil moliusca increase very rapidly, both in species 
and numbers, as we explore the strata of the 
Secondary formations. They are absent from the 
Trias of Great Uritain, the greater part of whose beds 
seem to have been formed along the bottoms of large 
lakes, something like the existing Dead Sea, whose 
waters were too salt for Moliusca to live in. In the 
Rhfetic beds, however, which overlie the upper Trias, 
and which seem to have been formed under semi- 
marine or brackish-water conditions, bivalves are very 
abundant, and some of them are quite characteristic, 
such as Cardittm Rhmtkum, Pecten Valommsis, Avi- 
ciila coiitoi-taf Ostrea liassica. The student will find 
them in any quantity in the rocks forming the bold 
headland of Penarth, just beyond Cardiff, and also 
at Aust Cliff, on the opposite side the Severn estuary 
to Chepstow. At the latter place the grey Rhmic 
strata succeed the red Trias, and the ground is strewn 
with fallen blocks of the former, where some splendid 
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fossiiizing may be had — bones, teeth, and spines of 
fisli, saurians, etc, as well as fossil shells being abun- 
dant It is in this formation (a part of which was 
formerly known as the "White Lias") that the well- 
known but curious "Landscape marble" occurs at 
Cotham. Practically, we may say that the Rha:tic 
scries extends diagonally across England, from Red- 
car, on the north Yorkshire coast, to Lyme Regis. In 
many places its beds have been exposed, as near 
Leicester, where shells may be goi Somersetshire, 
however, is perhaps the best county for specimens, 
those obtained from near Watchct having found their 
way into most collections. Among other localities 
where Rh^etic fossils can be hammered out arc Queen 
Camel, near Yeovil, Wcstburj', Puriton, Shepton 
Mallet, Wedmorc, and Beer Crocombe. 

The strata of the Lias frequently teem with fine 
and well-preserved specimens of fossil mollusca, so 
that it is both difficult and tedious to enumerate 
localities for finding them, cither in this formation 
oi' the Oolite, of which the Lias is now usually re- 
garded as the lowest member. A good many modem 
genera of molUisca first make their appearance here, 
such as Corbis, Astarte, Limnaa, Lithodomiis, and 
Teredo. The last two are curious on account of their 
habits, Lithodomus being a burrower, and Teredo 
(the genus of modern "ship-worms") a borer into 
wood, etc. 

In the Oolite proper the now widespread genus 
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of bivalves, Venus, commenced its existence, together 
with Trigonia (still surviving in Australian seas), 
Isocardia, Tdliiia, Corbula, Panopaa, Bulla, Palitduia, 
etc., all of which are well-known modern forms. The 
naturalist is as much interested, when studying the 
life-history of the globe as revealed by geology, in 
observing where the different kinds of families of 
animals and plants Brst 
make their appearance, 
as a genealogist is in 
tracing the commence- i 
mcnt, development, and 
alliances of some illus- 
trious aristocratic houses. 

Commonest among 
the genera of Liassic and 
Oolitic univalve and bi- "* .3»-/"<r»»,«.«M-«.-.«mt,, 
valve mollusca arc (in addition to those above-men- 
tioned) — Purpiiriua, Ccrithiiim, Ncritwa, Apporhais, 
Potamides, Modiola, Qslrea, Gr)phati, Exogyra, Gei- 
villea, Plwhdomya, Anai'tna, Lima, Hippoditim, Pectcii, 
Qictdlmj, Avimla, etc. Some of these are splendid 
fossils ; and there are few cabinets, and perhaps no 
museums, which do not possess Lima gigantea, Avicula 
Cygnipcs, Hippodiitm ponderosum, Trigonia davellata, 
etc. 

If the student cannot afford to travel in search of 
specimens to the spots where they are actually found, 
he can obtain them nowadays by various means, in 
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exchange for those of his own neighbourhood, 
let him cultivate the acquaintance of the neai 
stone-mason's yard, the proprietor whereof will set 
him up witli plenty of " rotten stuff," unworkable 
because of the hollows and casts of fossil shells, but 
dearer to the young geologist than a gold-mine on 
that account ! Fragments of Portland Oolite may 
always be got in any large stone-mason's yard, and 
they contain an abundance of fossil (casts), Neriinxa, 
Cerithiiit/i, and Trtgonin, all of which arc usually casts 




of the interiors of these shells ; so they have a very 
different appearance from the more gracefully shaped 
and ornamented exteriors. 

Tourists in the north-west of Scotland will find 
some interesting and varied geologizing in Western 
Scotland and the Hebrides; and in various places 
the Lias beds yield fossils, as along the Sound of 
Mull, Tobermory, the Isle of Skye, Eigg, Muck, etc., 
where there are fragmentary patches and outliers of 
once very extensive Lias and Oolitic strata, which 
probably extended from continuous fossilfcrous strata. 
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In Northamptonshire numerous fossil mollusca 
can be collected in the refuse of the iron-mines near 
Northampton town, and also at Kingsthorpe, Durton, 
and Ellsworth. No fewer than one hundred and 
twenty-five species have been catalogued from the 
last neighbourhood. The "Northampton Sands " are 
very rich in this class of fossils, having yielded one 
hundred and forty-one species of bivahes, and thirty 
species of univalves. 

The Oolitic strata of Yorkshire will similarly 
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reward the student, and these are all easily accessible 
from the various watering-places, such as Scarborough, 
Whitby, and Filey. Among other localities which 
are richly fossiliferous are Cloughton Wyke, Hundale, 
Haybum Wyke, Gristhorpe, Cayton Bey, Pickering. 

In Lincolnshire the Oolitic beds are cut through 
by the railway from Spalding to Lincoln, and in 
proceeding to the latter place from Grantham wc 
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see them forming the hiUs wluch flank Uic railway 
on the right-hand side. Numerous quarries, for road- 
materiai, limestone, and ironstone, are opened in them, 
where plenty of fossil moUusca can be collected. 
Perhaps the best collecting -grounds for Oolitic fossils 
in Lincolnshire are at Weldon, Wakerley, the neigh- 
bourhood of Stamford (as at Squire's Stone quarry), 
Wild's Ford, Kingscliffc, Stibbington. Whittering, 
Wrawly, Brigg, Market Rasen, and Homcastlc. 
Wc naturally turn to the West of England, h 




ever, for Oolitic fossils. The great Oolite formation 
extends from the middle of Lincolnshire to Gloucester- 
shire, and quarries for various purposes are opened 
in it more or less along its entire course, where fosstU 
abound, among which bivalves and univalves are the 
most numerous. There arc also plenty of places in 
Bedfordshire (as in Cowpcr's county), Rutland- 
shire, Buckinghamshire, and Oxfordshire, as well as 
Gloucestershire (which last county is nothing if not 
Oolitic), Somersetshire, Wiltshire, Dorsetsliire, etc 
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Mr, Robert Damon's excellent book on the geology 
of the latter coast supplies the tourist with more 
good fossiliferous localities than he will have time 
to visit, unless he has got nothing else to do, and 
both time and means to indulge his fossil-hunting 
propensities. Of course, all the strata at Kimmcridge 
Bay arc classic ground for their geological interest. 
Hoth here and the neighbourhood of Weymouth fossil 
mollusca abound, Trigonuc being particularly plentiful 
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at Weymouth, Osmington, At Sandsfoot Castle we 
get the great Limas, and at Highi^orlh. At Tort- 
land these fossils arc so plentiful that one stratum of 
Trigonia gibbosa goes by the name of the Trigonia 
bed. The same series contains a stratum crowded 
with another fossil bivalve, Exogyra bnmtrulann. 

Between Swanage and Bridport the geologist 
gradually passes from the Eocene, through the Cre- 
taceous, down to the loner strata of the Oolite. The 
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Fuller's earth at Langton, five miles west of 
mouth, contains plenty of small elongated fossil 
oysters, Oslrea acuminata. The Forest marble of the 
neighbourhood yields Avicula. Lima, P/whuiotnyn, 
Pecleii, Trigonia, Myacites, Turbos, Bulimas, etc In 
the quarry at Well Down, Ostrca Stnverbyt and 
Aviatla costata are especially common. 

The stony cliffs of the back-water channel near 

«the village of Radipole are com- 
posed of Cornbrash, crowded with 
bivalves and univalves, the com- 
monest being Pholadomya bu- 
cardiutn and Avicula cdimata. 
There are numerous quarries in 
the neighbourhood where similar 
fossils may be obtained. 
The beautiful Vale of War- 
■ Fig. Mi -/WA^/.w ^°"''' ^^''Itshire, has long been 

H j-»rf™«,« (iJoiiie). famous for its yield of Oolitic 

H fossils, and the geological structure of the district 

H has been described in the "Transactions of the 

^1 Geologists' Association." Among the commonest of 

^1 the fossils belonging to the classes we arc now 

H considering arc Cerithium Pertlandicum, and other 

^r species of this genus of univalves ; several species of 

Trigonia, Ostrea, Cardium dtssimile, etc. The neigh- 
bourhood of Swindon is richly fossilifcrous, Trigouia, 
Lima, Ostrea, and Perna being very common. The 
Upper Oolites continue into Buckinghamshire, where 
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the limestones are usually full of fossils, such as 
Nalica, Trigonia, Cyprina, Cypticardia, PUuromya, 
MytUiis, etc. 

Mr. Etheridge, F.R.S., states that the Oolitic (or 
Jurassic) rocks of Great Britain have yielded up to 
the present time no fewer than ninety-five genera, and 
one thousand three hundred and sixty-eight species of 
fossil bivalves alone. Indeed, they are by far the most 
abundant forms of ancient life met with in these rocks, 
although both Ammonites and Belemnites, and, in 
some localities, even Brachiopods, arc also very 
numerously represented ; some .species of Avicuta, 
Hinnites, Lima, Ostrea, Pecten, Pcriia, Pinna, Astarle, 
Trigonia, Modtota, Cucculcsa, Pholadomya^ etc., have 
a very long upward range. The total number of the 
Oolitic Gasteropods (according to the same high 
authority) is seventy-six genera, and one thousand 
and fifteen species. The most numerously represented 
of these genera are Alaria, Cerilhium, Chcinnilsiu, 
JVt-rina-a, P/furofo»mria, Trochus, and Turbo. 

In the uppermost strata of the Oolitic formation 
are the fresh-water beds at Purbecb, so crowded with 
the still living Paliidiiia as to constitute the famous 
"Purbeck marble," formerly used in interior church 
work. Associated with this univahc are Planorbis, 
Melaiiia, Limmra, Physa, Cyclus, Corbula, and other 
well-known recent genera. Lu I worth Cove is a 
capital hunting-ground for them. 

The Wealden Clay, Sussex, has in places beds of 



xdi OUR COMMON BRITISH FOSSILS. 

so-called "Sussex marble," also formed chiefly of a 
species of Pi7/W/'«(7, which can hardly be distinguished 
from that which still abounds in English rivers. In 
the Isle of Wight the Wealdcn is also fossiliferous, 
especially near Sandown, the commonest fossil being 
a fresh-water bivalve Unio Valdensis. 

At Punfield, in Dorsetshire, fresh-water shells, 
such as Cyreiia, Cyclas, Unio, etc., arc mixed witli 
oyster-shells, indicating brackish-water conditions. 

The Cretaceous, or Chalk formation, includes the 
Ncocomian (better known, perhaps, as Lower Green- 
sand), the Gault and Upper Grecnsand, and the Upper 
or Grey and White Chalk beds. At Specton and 
Tealby, in Lincolnshire, there is a bed of clay five 
hundred feet thick belonging to the former sub- 
division, and this is remarkable for a very lai^c 
bivalve, Pcitcn cinctns, which is sometimes as much 
as a foot in diameter; Perna MitlUtii is another 
characteristic fossil. The Lower Cretaceous beds are 
extensively developed in Surrey, Kent, Sussex, 
Oxfordshire, Bedfordshire, Hampshire, Wiltshire, 
Norfolk, etc. At Atherfield, in the Isle of Wight, 
the common fossils are Perna, Area, Astartf, Panopaa, 
GervilUa, Tfigoii'ia camiata, Exogyra sinuata, etc 
Near Maidstone there arc numerous fossiliferous 
localities ; the quarries where the well-known "Kentish 
rag " is worked are good fossiliferous places, where 
Exegyra and Trigonia more or less abound. Other 
localities are Godalming, Godstonc, Folkestone, 
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Wottoii, Sevcnoaks, Nutfield, Pulborough, and I'ctcrs- 
ficld. Near Folkestone there occur layers of a 
siliceous limestone often full of Ostrea, Area, Lima, 
Exogyra, Panopisa, and Pectm. 

At Shotovcr Hill, near Oxford, there arc strata 
of this age which contain Unio, Cyrena, Paiudina, 
and other fresh-water forms. In Bedfordshire (as, 
for instance, at Patton, Woburn, Ampthill, Sandy, 
Wicken, and Upwarc) the sands are worked in order 
to get at a " coproUte " bed, which is frequently as 
much as two feet thick. These "coprolitc" workings 




are capital places for fossils, all phosphatizcd, or 
converted into phosphate of lime, and most of them 
of considerable interest and importance, because they 
have been " derived " or washed out of the older 
formations where they were originally deposited, such 
as the various strata of the Oolite and Wealden. 
Ostrea, GerviUea, Exogyra, Gryphisa, etc., are very 
common. 

The fossils of the Gault have always been admired 
on account of their great beauty; many of Ihem still 



3«* 



OUR COMMOS BRITISH FOSSILS. 



retain, when dug out of tlie stiff clay, the raint* 
hues of the nacre or motlicr-of-pcar! coating. But the 
shells are fragile, and the tints evanescent, unless 
means are taken to preserve them. The commonest 
of the bivalve and univalve fossils are Inoceramus 
sulcatum, PlicattUa, Dentaliitm. Rostellaria, etc. Out- 
crops of Gault clay, containing fossils, arc worked at 
Barnwell, near Cambridge, but the chief hunting- 
ground has long been 
Copt Point, Folkestone, 
which is classic on that 
account. In Norfolk, the 
Red Chalk of Hunstan- 
ton — which stands forth 
in such vivid relief from 
I the green strata below 
I and the grey chalk above 
it — is usually regarded 
I as of the same age as the 
Gault. It is in places 
full of small Bclcmnites, 
like those obtained from 
the Gault, and contains 
numerous Inocerami and 
Ostrea. The Grccnsand of Cambridge rests on the 
Gault, and is crowded with fossils which have been 
washed out of that deposit. The Upper Grcensand 
occurs in Devon, Somerset, Sussex, Kent, Isle of 
Wight, Dorsetshire, etc. Its chief fossils arc Ptcitn 




w Chalk). 




FOSSIL ItOLLUSCA. 

asper, PecUn Beavcrt, Peeten quinquecoslatiis, Exogyra 
conka, Ostrea carinata. The Warminster and Black- 
do^vti beds arc also well known collecting-grounds for 
fossils of this period. 





.—fielM Bttnii (QnttaaA). 



The Upper Chalk strata are always favourite 
fussil-collecting beds tu a young geologist. The 
fossils look so pretty, whcjl properly cleaned, in their 
white matrix ; and, moreover, tlie eyes of the ardent 
youth are not so likely to be fatigued or repelled by 
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the glaring whiteness of the chalk quarries in the 1 
summer sunshine, as they will be in later life. In 
Kent, Sussex, Dorset, Suffolk, Norfolk, Lincolnshire, 
Hertfordshire, etc., as well as the North of Ireland, 
every Chalk-pit contains fossiis, more or less. True, 
both bivalves and univalves are comparatively rare, 
for these indicate that the strata they arc found in 
were deposited in shallow water, whereas all the 
fossils incident In the Chalk, and especially in the 
Upper Chalk, bespeak deep water. Perhaps the earlier 




geologists thoLght the White Chalk was original 
formed in deeper water than it is now known to ha\-c 
been ; but it must still be regarded as a decp-sca 
deposit, in comparison with the varying strata of 
the Oolite. 

The Lower White Chalk, perhaps, contains more 
fossil bivalves than the Upper. Some of them attain a 
lai^c size, such as Imceramtis Qn-ieri and Inoctratnus 
Lamareki, whose vertically fibrous structure reveals 
to the student the presence of the smallest fragment. 
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Inoci-raiinis snkatus and Inoctraiinis coiu-fiitriais arc 
also abundant forms, and they often ser\'e to distin- 
guish a block of Lower White Chalk from the Upper, 
where they arc cither uncommon or absent. 

In the Chalk one of the commonest and most 
beautiful fossils is the bivalve Spondylns spitwsa, which 
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also rejoices in the other names of Plagmhma spiiwsa 
and Lima spinosa, much to the unnecessary bewilder- 
ment of the student. It is difficult to extract it with 
its long spines intact, but patience, and the fortunate 
softness of the moist chalk when the fossil is first 
extracted, as well as the clever use of a camcl's-hair 
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brush to laboriously wash away the chalk matrix, 
will bring the collector off triumphantly. Oslrea ves- 
cicularis is a very abundant fossil in the Upper Chalk, 
It is found in every stage of development, from the 
young spat no bigger than 
a pin's head, to a grotesque 
and many-layered old 
Ostrea. One learns a good 
deal of the conditions of 
the deep seabed where 
chalk was formed, from 
^H ^^■mnuaawf^^^ «v * '• ^"'^h fossils as O. veseku' 

^K ^HwillilTTmlftft^^ /(i".i. I know of no other 

^^ j^^_j|^^;maJi^ ,§ fossil so apt to bewilder 

^B ^IPHB^^H^^^^^^^'^ the young geologist, for 

^H fig.nj.—PrcUKiwsMiiihvi its external shapes arc 

^H various. The fact is, it 

^H could find few or no solid objects amid the slimy, 





ikad sfadl of an Ammonite, etc — nhere it s 

iC grev, *^p'^ its cxpondfng shell to the object it 




was attached to ; and so in the QuBt-pits near Nor- 
WTch »-c find this \-cry conimon fosal more than half 
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Other bivalve mollusca of the Chalk are the grace- 
IneetramMS mytibfdts and /. labiatus, the latter 
nfreqiient near Dover, whilst the former is foin 
ally in the Lower White Chalk. 



CHAPTER XII. 

FOSSIL MOLLUSCA (CAINOZOIC, OR TERTIARY). 

Nowhere is a knowledge of fossil bivalves and uni- 
valves of such great importance as in the Tertiary 
strata. All other kinds of fossils are few in compari- 
son with their abundance. 

The pursuit of Tertiary geology takes the student 
into some of the most delightful spots in southern and 
eastern England, and to wide stretches of heath and 
common which still remain unenclosed. The sandy 
nature of the strata of many Tertiary formations 
tends to a " hungriness " of surface soil, especially in 
districts south of the Thames, where the moraJnic 
matter, or Boulder-clay of the Glacial period, is not 
strewn over the older deposits. 

In Dorsetshire and Hampshire the Lower and 
Middle Eocene beds are frequently rich in fossil plants 
(as in the clay-pits on the west side of Bournemouth). 
The vertical strata of " pipe-clays," with their bcauti- 
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fuliy preserved fossil plants, are also well known at 
Alum Bay, Isle of Wight 

The Thanet Sands may be seen resting on the 
Chalk in the large pit dose by Charlton Station, near 
Woolwich, and some fine fossils characteristic of this 
deposit may be obtained there, such as Turriiclla, 
Cyprina, Aporrltairs, Corbiila, etc. 

The Woolwich and Reading beds are excavated 
into, or else they naturally crop out in various places 
about London, as at Woolwich, Blackhcath, Reading, 




etc. Banks of fossil oysters {Oslrea beUorvacinJ) 
found ; Bromley being perhaps the best place to get 
them. Milania, Cyrena cmiciformts, and other mol- 
lusca, all of which indicate brackish-water conditions, 
arc plentiful near Woolwich and New Charlton, These 
and other fossils are also found near Dulwich, Li 
ham, and Pcckham. 

The London Clay is of course tlic thickest 
most important member of our English Eocene fo^ 
malion. Fossils, however, only occur in it here and 
there, and at different horizons. The Isle of Sheppcy 
has long been famous as the best collecting-ground. 
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but univalve and bivalve moHusca, such as Vohda 
nodosa, P/wriis extcnsiis, RosUllar'ta ampla, Leda 
amygdabidcs, Cryptodon, etc., arc found at Ilighgate. 
Some of these, and other fossils, arc also met with near 
Hungcrford, Basingstoke, Bognor, Kinchlcy, Ilolloway, 
Ipswich, and Harwich ; especially in the cement stones, 
which, near Harwich and Ipswich, arc often full of 
Modiola and Cyraia. The Harwich ccmcnt-stonca 
are rich in fossil wood, showing structure when cut 
and polished ; and large fragments of this wood arc 
often seen perforated and honey-combed by a species 
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of the same kind of boring-mollusc {Teredo) as that 
which has earned for itself the modern name of "ship- 
worm." In the SuflTolk crags, the bewildered student 
frequently finds contorted and serpentincly inter- 
twined masses, and he wonders what they are, little 
thinking they arc the filled-up ^Vz-fi/i^-borings in the 
fossil woods of the London Clay. The fossil wood 
was washed out of the latter deposit by denudation, 
was then gradually dissolved away, so that eventually 
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the casts of the 7Vr/(/fl-borings alone were left to I 
of the many changes through which re-deposited 
fossils frequently have to pass before they reach their 
final resting-place, 

Bracklesham Bay, in Sussex, has long been famous 
for its remarkable series of Eocene strata, some of 
them full of shells. At Whitecliff Bay we ha%t: 
[lejxisits of about the same age, in which fossil mol- 
iuaca are abundant, The large and beautiful bivalve 




Fig. >&i. 



Cardita planicosta gwss its name to tlic stratum where 
it swarms, in company with the univalve TiiritcUa 
imbricataria. , 

The Barton Clay is a higher deposit than tlte last 
mentioned, and it is perhaps the most renowned 
hunting-ground of the entire Eocene formation. It 
takes its name from Barton, on the Hampshire coast, 
and there, and also at Hordwcll, the geologist will find 
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an abundance of the most beautifully preserved fossils, 
among which, perhaps, the choicest are Volitta lucatrlx. 
Typhis pimgeiis, Rostellaria riinosa, Cnxssaiclla, and 
other genera which remind him of tropical seas. 




Yarmouth, in the Isle of Wight, is a good place tc 
put up at for a few daj's in order to work the Upper 
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Eocene beds of the district The Hempstead Beds 
(sometimes regarded as Lower Miocene) run along 
the coast, and arc especially well developed at the 
locality whence they take their name. The sea-bed 
there (at low water) is seen to be formed of stiff 
bluish clay, intercalated in which arc strata of harder 
masses, probably hardened by diffused iron and lime, 
and by others formed of nothing but shells. All the 
shells, bivalve and univalve, belong to fresh-water 
species, such as Paludina lenta (which occurs in enor- 
mous numbers in the harder interstratified masses^ 
Mclaiiia, Mclanopsis, Cyrena^ Corbtila, Cyclas, Unio, etc. 
On the coast side of 
Yarmouth, towards Alum 
Bay — a distance thence 
to the latter place of about 
seven or eight miles — tlic 
geologist finds plenty of 
work, quite sufficient 
climbing, and a delight- 
ful sea view. Tiic fossiU 
lif strewn about tlie talus 
uf the cliffs in all direc- 
tions. They are so in- 
numerable that the col- 
lector gives up all en- 
deavour to identify them. 
They have been washed 
out of the beds in which they were originally de> 




and simply " boxes them." 
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posited, and the wash of the rain-water has strewn 
them thus over almost the entire face of the cliff. 
What myriads of Cerithium, Rissoa, Hydrobia, Me' 
laiiia, etc, ! 

This lovely Isle of Wight is surely the " garden " 
of English geology 1 Where else in Great Britain, 
within 30 short a space, can the young geological 
student see so much, collect so many objects, or be 
able to roam over such a variety of geological and 
geographical scenic features ? From the Wcalden 
and Grecnsand to the great backbone of Chalk, which 
runs through the length of the little island, right up 
through all the most interesting deposits of Lower, 
Middle, and Upper Eocene — here we have a perfect 
" thumb-nail " geological sketch. Some of the Upper 
Eocene beds are not found elsewhere in Great 
Britain, as the local names they bear testify. The 
Isle of Wight will long be "classic ground" to the 
geologist, not only for its variety of geological forma- 
tions and plethoric abundance of fossils, but also 
because of dear old Dr. Mantells' book upon it — 
which, if any young and ardent student happens to 
read it, he will straightway go, on the first oppor- 
tunity, and verify what that "grand old man" had 
to tell them about ! 

Cowes is a good place (rather too good for a 
quiet and economic student) to put up at, if he wishes 
to work the " riuvio-marinc " scries. Thence he will 
make his waj- to Osborne (which would be sacred 
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ground to him apart from the fact 
Queen's home), and there he finds an abundance tA 
fossil shells, and possibly some of the Chara fruits 
which Sir Charles Lyell made famous. Limnea 
longiscata, Paludina lenla (which continued to h've 
right on to the time when the Nonvich Crag was 
formed in the later Pliocene age), Melanin txcavala, 
Planorbis, etc. — all are to be found at Osborne in 
profuse abundance. At Bembridge and Headon, in 
the marls and shell-limestones, wc have more than 
enough of Melania tnrriiissima, Cerilhium mulabiU, 
Cyrena pulchra, Ostrea Vectensis ; land shells, such as 
Neliv globosa, Bitlimus ellipiicits (actually forming 
a limestone by its remains), and fresh-water shells, 
such as Livmea and the beautiful Planorbis discus. 

With the exception of the Hempstead strata 
(Isle of Wight), we have only doubtful and scanty 
remnants of Miocene "deposit in Groat Britain, and 
these are hardly worth mentioning so far as fossil 
collecting is concerned. 

Perhaps the most interesting of them in this 
respect are found in Suffolk, especially in the neigh- 
bourhood of Felixstowe — a pretty sea-side watering- 
place — and that of Ipswich. This is a splendid 
county for Pliocene fossils, locally and indeed 
generally known as " crag," The cliffs at the former 
place are simply masses of shells, and in the district 
there are plenty of " coproUte pits " — pla( 
the small phosphatic nodules (formerly bcliev-« 
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be the fossil feces of animals, whence their name) 
arc worked. More than two million pounds' worth 
of these "coprolites" have been excavated and con- 
verted into artificial manures since the late Professor 
Henslow found out what they were, nearly forty years 
ago. The " coprolites " arc richest at the base of the 
shell-crags, where they form part of a bed in which 
we get the remains of mastodon, tapir, hipparion. 
rhinoceros, deer, etc. ; also roundish and elongated 




masses of coffee-coloured sandstones, which the visitor 
will find lying in heaps near every coprolite pit. 

Very singular arc these roundish masses of sand- 
stone, most of which arc about the size of one's fist. 
I'Vom Foxhall, the bed containing them (which 
usually lies directly on the London clay) extends to 
Felixstowe, and heaps of them may be seen by the 
roadside, waiting to be broken up for road-mending. 
They arc very curious, for they represent a lost 
geological formation, older than the Coralline Crag 
(for they are also found under the latter), which is 
probably of late Miocene age. The rounded speci- 
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mens go by the name of " box-stones " — a term which 
has been given to them by the quarrymen. You 
strike them with a sharp blow of the hammer, and 
about one in every ten or so will break in halves, 
revealing the cast of a fossil shell, etc., within. When 
neatly broken, they form very interesting geological 
specimens. Among the fossi! shells thus found 
enclosed are Pectmiciiliis, Cnrdimii, Cttssidarioy Isocar' 
diitm, liuccimtui , etc. These " box-stones " are the 
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broken up and rolled remains of a bed of sandstone, 
which once covered part of Suffolk, and which still 
underlies Diest, Antwerp, Brussels, and other places 
in Belgium, on the other side the German Ocean. 
These " box-stones " were broken up and rounded 
before the Pliocene period began, as is indicated by 
the fact that they arc often found coated on their 
upper surfaces with fossil Barnacles, which clustered 
and spread over their surfaces as they lay on the 
floor of the shallow Red Crag sea, At Trirala 
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Nacton, Bucklesham, Foxhall, Waldringficld, and 
thereabouts, these stones are very abundant. In the 
Ipswich museum there may be seen an almost perfect 
fauna, recovered from this missing and fragmentary 
British Miocene deposit. 

The PHoceno beds in England lie almost entirely 
on the east coast. A deposit of this period has lately 
been discovered in Cornwall, and there are also patches 
in Aberdeenshire ; but the. shells arc too meagre and 
fragmentary in these outlying localities to refer the 
fossil-collecting student to them, especially when he 




has access to the wonderfully rich Pliocene format{on5: 
of Norfolk, Suffolk", and Essex, where everybody 
knows them by the name of" crags." The crag beds 
are richest near the coast, as at Walton-on-the-Nazc, 
Felixstowe, Orford, and Aldborough, although they 
extend inland, and "crag "pits are verj- common in 
the neighbourhood of Ipswich; and about Norwich 
we have the "crag" (latest formed of the entire 
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series) which takes the name of that ancient ; 
picturesque cily. The places where the crag-pits are 
usually richest in fossil shells are on the heaths and 
commons so numerous in Suffolk and elsewhere. 
for the crags produce what the farmers call very 
"hungry land," and such unprofitable areas have 
therefore remained longer in their wild state 
would have been the case had the soil been fcrt 
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But these heaths are glorious places in the ci 
summer-time, when the sky is full of lark music, 
the gorse and broom bushes are ablaze with aromatic 
yellow blossom, and the delicate crosiers of the 
bracken fern arc every\*hcre bursting from the ground. 
Then, again, 1 know of no formation which more 
impresses the young student with the full mcaninj 
and significance of fossils than the Crag. Hi 
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they are in the profusest abundance — young and old, 
large and small, millions upon millions on every hand! 
They can be taken out with the fingers — no hammer- 
ing is required ; and if the collector has < 




vidcd with awire-gauzed tray to sift the finer material, 
he will get all the lovely little shells, and plenty of 
foramenifcra, etc., as well. Thirty or forty species of 
fossils can be collected in a very short time. 




Geolt^ists recc^nizc t/iree of these Crags — the 
Coralline, which is the oldest ; the Red Crag ; and the 
Norwich Crag. The Coralline Crag is divided into 
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two main parts, with a third sabcwdinate bed. 
lowest of these consists of a series of calcareous saxtST 
rich in fossil shells. The second bed is more solid, 
and is formed of the remains of shells, etc, cemented, 
together with fossil Poi>-zoa, into a rock so hard that 
it can sometimes be quarried for a building stone. 
The third and uppermost laj-er consists of a fe*- fcet 




(Lng and ircenl). 

of the abraded material of the last bed, reconstnictcd 
in shallow water, and bearing strong marks of current 
bedding. The thickness of the rockier stratum has 
been calculated at about eighty feet, but there is reason 
to believe this is too great an estimate. In the neigh- 
bourhood of Sudbournc, and cspeciaUy in one < 
pits in the park, near to the hall, the Coralline ( 



e or ttj^l 

1 




POSSIL MOLLUSC A. 



2%i 



in a state of high perfection, the bivalve shells im- 
bedded ill it being frequently found double. At Ged- 
gravc, Gomcr, and the neighbourhood, by digging a 
few feet we come u[X)n the original and undisturbed 
Coralline Crag, very rich in molluscan remains. As 
wc ascend from the lower areas where this bed occurs, 
and come to the higher grounds, we reach the out-crop 
of the second or rocky Coralline Crag. Many pits arc 
exposed in it in the neighbourhood of Orford and 
Sudbourne. For obtaining fos.sils, the Aldborough 
section is perhaps better than those of the same beds 
at Orford. Mr, Searles Wood, sen., considered that 
nothing among the fossil shells yet obtained from the 
Coralline Crag indicated the latter to have been formed 
under a greater depth of water than from thirty to 
forty fathoms. 

Professor Prestwich thinks that after the Coralline 
Crag sea had attained its greatest depth, a change took 
place, and a bed of comminuted shells was spread over 
the deep-sea bed. Further elevation exposed the sea- 
bed to the action of tides and currents, to the denuda- 
tion of the lower bed.s, and heaping up the Bryozoa 
and Mollusca of the later deposits in banks. The 
water continued to get shallower, until a continuance 
of the elevatory movement gradually raised Uie Coral- 
line Crag above the sea, where it was exposed to the 
considerable denuding action which removed so large 
a portion of it. During the Red Crag period im- 
mediately succeeding, the Coralline Crag was broken 
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up into islands and reefs, among and anHuid i 
the Red Crag was deposited during a period of slow 
subsidence. 

Professor Prestn-ich thinks that the more soutben 
species of mollusca which had migrated thus far nottb 
during the later Miocene period, and whilst the 
Bel^an deposits were forming, were replaced in the 
Coralline Crag by an as- 
semblage partly northern 
and partly southern. That 
to say, we have un- 
' doubtedly proofs of a slow 
\ but sure migration of nor- 
I them forms. This may 
have resulted from a gene- 
ral lowering of the terapcfa- 
ri:.....-c,>™-/,w™(C», •""=• " •■>■ *<= '«"i°B i" 
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northerly direction, owing to the subsidence of land 
in that direction. Among the common □orthcnt 
species of mollusca are Astarte sulcata, Giyctmeris 
siliqiia, Tellina cakarea. BucdnopsU Dalei, Emargi- 
nula crassa. Professor Prcstwich is further of opinkm 
that there arc different zones in the Coralline Crag, to 
be distinguished by the occurrence of charactcrisric 
shells. Mr. Scarlcs Wood described 322 species of 
Coralline Crag shells ; whilst five more species of 
Brachiopoda bring up the number to 327. The late 
Dr. Woodward based certain calculations on the data 
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thus supplied. Thus he regarded 159 species as ex- 
tinct, the recent forms numbering 168, or a percentage 
of rather more than half. Of these he considered 139 
species to be still living in British seas, whilst twenty- 
seven species were confined to southern, and two to 
northern seas. 

The Red Crag is formed of a succession of beds, 
varying from two and three to nearly twenty feet in 
thickness. The layers are composed of sand and 
shells, and many sections show them inclined at a 
considerably high angle. This structure is altogether 
different from that known as " false bedding," although 
the latter occurs to a considerable extent in the Red 
Crag. In Bawdsey Cliff, and also in the cliff at 
Felixstowe, this oblique lamination is very distinctly 
shown. Geologists regard tliis phenomenon as the 
accumulations of a foreshore. At Sutton the Red Crag 
is bedded or banked up against an older Coralline 
Crag cliff, Mr. Wood regarded the Red Crag as the 
" remains of an extensive series of banks that were 
more or less dry at every tide, and that were from 
time to time partially swept away and re-accumulated; 
every bed representing some of this destruction and 
re-accumulation, since the top of every preceding bed 
is planed off evenly to form a floor for the next 
above, in the base of which small pebbles and small 
rolled phosphatic nodules often abound, in some cases 
forming thin bands. In the channels which permeated 
these banks there seems to have accumulated those 
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portions of the Red Crag which exhibit the 1 
features, often very extreme, of false bedding." The 
beds of phosphatic stones (commonly termed "copro- 
litcs ") for which the Red Crag is so much ivorkcd c 
the left bank of the Onvell, arc seldom found benei 
such sections of the beached-up Crag. 



FMr. Searles Wood, sen., pointed out that the Red 
Crag at Walton-on-tlie-Naze was tlic oldest bed. The 
reasons rest on the universal absence of certain shells 
abundant in other parts of the Red Crag, among others, 
of Fusus autiquus, Tellma obliqua, TtlUna fratmmst 
k I 
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etc. This distinction of the Walton Crag has been 
carried far enough for it to be regarded as possessing 
some affinity with the Coralline Crag. The Fitsus 
contrarius is abundant there, and the bivalves are often 
found with both shells together. The most perfect 
fossils are found here. Great difficulty exists in 
determining the relative ages of the Red Crag strata 
in different localities, owing to the manner in which 
the shell beds have been taken up and re-deposited. 
Ill the Red Crag at Butlcy, near Orford, northern 
forms ofmoUusca prevail, the commonest shell being 
very lai^c-sized specimens of TeUina obliqita. 

In a pit in Tattingstone Park, about four miles 
from Ipswich, the Red Crag may be seen overlying the 
Coralline Crag. A thin seam of 
lobbies marks the junction of 
the two beds, indicating a brief 
period between the depositions, 
and showing that the Red and 
Coralline Crags were not con- 
tinuous. The places where the ^^ tt\.—Atb> 
sections are best exposed arc on (ii^« -"i *«i'c.i<^x " 
the slopes of the hills along the rivers Deben and 
Orwell, in addition to the coast sections at Bawdsey 
and Felixstowe. At the latter place is a fine section 
thirty feet in height. As a rule, it occupies excavated 
hollows of the Coralline Crag, wrapping round the reefa 
of the latter, and filling up the hollows between them so 
as to lie nearly level. Professor Prestwich divides the 
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Red Crag into two snies — the lover, cfaaracteiised by 
eUiqne lamination ; ami tbe apper fay pccsistait bon- 
I xiontal bedding. The hnrer port is moc^ ricfaer ta 
dicfls than the upper. The most abundant in Uk 
Ked Crag are the Common cocUc. Otrditm aiigusta- 
lum, PtctuaaUms gfycuuris, TtUima crasxoy T. ffA/ i f u t , 
J/f/Hus tduUs, Pettat aftrcularis, Cjfrifta isiamdKa, 
Lucita bcrealis, CardUa saiUis, 
Purpura letragoiut, P. UtfiUus, Tr*- 
pkan (or Fusus) antiquus, T. am' 
iraritts, Xatsa reticosa, N.grammiata, 
Astarte OmaUii, Cyfraa Eurofaa, 
etc I n many places, as at Talttng- 
stone, Bcnlley (in the pits near the 
station), Foxhall, Buckicsham, atui 
elsewhere, the strata teem with 
Peclunclulus, Trophon eontrariat, 
. Cardita senilis, Nassa, etc. 
iWM l<..B(( b«ii> ^j^^ number of species of fossil 

mollusca belonging to the Red Crag is two hundred 
and thirty-four, of which two hundred and sixteen arc 
still in existence. In addition to this number, wc 
must include about forty extraneous s|»ecics. About 
one hundred and fifty of the above species are slill 
living in British seas, whilst of the remainder, thirty- 
two are southcin forms, and twenty-three northciiH- 
u total of nine more northern species than arc found in 
the Coralline Crag, thus far indicating a refrigcrafioB 
of the climate. 
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In the base of the Red Crag, the large angular flint 
nodules arc usually found thickly encrusted with 
barnacle shells. The septarian nodules arc perforated 
with holes, bored by various boring moUusca, such as 
Pholas, Saxicava, and we frequently find the fossil 
shells of these borers in the holes they excavated. It 





is in this part of the Red Crag that the phosphatic 
stones, or "coproHtes," are usually found in greatest 
abundance. 

A large number of mollusca, which lived in the 
sea that covered East Suffolk during the Crag period, 
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arc now living further south, in tlie Atlantic or the 
Mediterranean, having been driven from these areas 
by the increasing cold, which here reached its maxi- 
mum during the Glacial epoch. 

The best places to obtain Red Crag fossils are pits 
at Whcrstcad. Taltiiigstonc, Bcnlley, Foxhall, Boyton, 
places near Woodbridge, Bucklesham, Walton, the 
Fclixstoise cliffs, Bawdsey, Chillesford, Sudbournc, 
Butley, Aldborough, etc. 

The Nonvich Crag was formerly called the 
" Mammaliferous crag." But it has been shown Uiat 
the mammalian remains arc older tlian the shells 
associated with them. In Suffolk this crag occurs at 
Thorpe, near Aldborough, at Bulcamp, and Chilles- 
ford. Sir Charles Lyell gave to it the name of 
" Fluvio-marinc Crag," on account of the large per- 
centage of land, fresh-water, and brackish-water shells 
it contains. It is usually regarded as nearly syn- 
chronous with the Red Crag, and as a fluvio-marine 
extension of the latter. The shells of the Norwkh 
Crag are remarkable for their littoral, or shallow \vatcf 
character. The most abundant fossils arc Littoritta 
littorea, Purpura lapillus, Cardium idaie. MytUus 
edulis, Ccrilhhtm Irichicium, Turriulla communis, 
Natka moiiili/era, Tellina prahtiuis, T. obliqita, etc 
At the base of the railway cutting, about a mile from 
Aldborough station, we have found undoubtedly Red 
Crag shells associated with others we regard as equally 
undoubted Nonvicli Crag forms, indicating that hert 
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may be the junction of the two formations. This 
stratum lies in a denuded hollow of the harder and 
more consolidated strata of the Coralline Crag. From 
Thorpe Common, near Aldborough, the true Norwich 
Crag extends to the city whence it derives its name. 
Its greatest thickness is about eight to ten feet. This 
crag is distinguished by its abundance of recent forms, 
and the general absence of southern types of shells, 
thus showing that the cold was increasing. The total 
number of species of mollusca catalogued from it is 
one hundred and forty, of which one hundred and 
twenty-three are still living ; seventeen are supposed 
to be extinct. Of the above number, one hundred 
and one species are still living in British seas, twelve 
are Arctic and North American, eight Mediterranean, 
and two .species Asiatic, the latter being Corbicula 
fiumitialis and Paliidina uuicohr. From the fact that 
twenty species of shells belonging to the Norwich Crag 
are not found either in the Red or Coralline Crags, 
Dr. Gwyn Jeffreys thinks that there is some difference 
in their geological age, the Nonvich Crag being more 
recent than the Red Crag, and its shells of a more 
arctic character. 

In 1S65, the bed which had previously gone by the 
name of the Norwich Crag was shown to be composed 
of two deposits, usually separated by ten or fifteen 
feet of sand, etc. The upper bed is distinguished by 
a general absence of shore shells, such as LiUorina 
and Purptira, and by the presence of shells affecting 
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T vater, and abo by the gicatcr preponderance 
of arctic or nortlieni forms. After tbc fonDati<»i of 
tiie Xonricfa 0%, the depression continued so as to 
bring the sea over its site, and it was along its floor 
that this Upper Norwich Crag was deposited. Hence 
it obtains a more extensive gec^raphical distribution 
than the lower, or tnie " Flu%io-marinc " Crag. In 
Norfolk it extends to about eight miles beyond 
Norwich ; and in Suffolk it is so well displayed at 
Cbillesford that it sometimes goes b>- the name of the 
Chillesfoid Crag. At Aldeby, near Beccles, this crag 
b exposed in some brick-pits, and such shells as M_ya 
arenaria arc found abundant!)', with both \'alves 
attached, standing upright in the sands as when they 
were alive, .^t Chillcsford, in the stackyard near Mr, 
Crisp's house, this crag is seen to its best advantage, 
full of shells, many of them of a northern type, such 
as My a truncala, Cardium Greenlandiaim, Astartt 
borealis, etc. There can be no doubt that much con- 
fusion still prevails In the catalogue of the Noni-ich 
C'rag shells, owing to the manner in which botli the 
upixrr and lower crags were formerly confounded. In 
the pits on Thorpe and Sizcwell Commons, near 
Aldboroujjh, the ordinary Norwich Crag fossils arc 
abundant ; whilst the brick-pits at Aldeby yield 
most bcautifidly preserved Upper Nonvich,or Chillcs- 
ford Crag. 

The Norwich Crag is seen resting on the Chalk at 
Tliori>c, near Norwich, where the shell bed is about 
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four feet thick. The bank of fallen or accumulated 
sand and shells will give the geologist plenty of 
" boxing " to do, for the fossils are extremely abun- 
dant, ahhough usually in a very fragile state. The 
Norwich Crag also crops up in the pretty river-side 
calling place, Postwick Grove ; and at Whitlingham, 
on the other side the river. Bramcrton, ho^vever, has 
long been regarded as the best place to get fossils at. 
They are here in a remarkably good state of preserva- 
tion, and there will be no difficulty in getting a score 
or more species. The Crag lies on the top of the 
chalk, and if the geologist lays bare the latter, he will 
see it drilled again and again by boring mollusca, 
showing that it was once the bare bed of the sea. 

Beyond Norwich there arc several good places 
ivhere the later Pliocene shells may be collected, as 
at Wrox ham, Be laugh, Coltishall, Ilorstcad, etc., all in 
exceedingly picturesque districts, and not far from 
the now celebrated " broads." Beds of shells also 
occur on the Norfolk coast, between Cromer and 
Sherringham, and at Weyboum, Runton, and Trim- 
mingham. 
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CHAPTER XIII. 



FOSSIL CEPIIALOrODS. 

I don't know any British fossils more common than 
some of those which come in for treatment in the 
present chapter. In China a few (like Ortheceras 
and AmmonUes) are used in medicine, for the simple 
reason that nobody there knows anything about their 
origin, and their mysterious abundance is taken as 
an indication of the generative powers of the cartbl 
Even in Britain they have gained a place in folk-lore; 
and some have been immortalized in poetry, like 
the " snake-stones " [Ammonites communis), in Scott's 
" Marmion," In the Eastern Counties, where they 
abound — although the specimens found there do not 
rightly belong to the place, for they arc " derivatii-cs," 
torn out of their parent rocks and brought thither 
during the Glacial period by ice agency, and re- 
dcpositcd in the boulder-clays — they arc known by 
the name of "thunder-bolts." 

Thunder was always more dreadful to uneducated 
people than lightning, and all over the world there 
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has been a great desire to find the source of that 
mystical power — the " thunder-bolt" 

In Kent, Cambridgeshire, and elsewhere, the 
rounded masses of iron pyrites originally formed in 




the chalk, and subsequently denuded out of it, arc 
called by this name. When broken, such masses 
(about as big as one's Bst, or less) have a radiated 
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structure. I have had them brought to me even 
by skilful astronomers with F.R.A.S. behind their 
names, as " meteorites." Can we wonder, therefore, 
if less educated people call them by their other 
name of " thunder-bolts " ? 

Of course, lightning sometimes kills one of a herd 



Fig. «,.-B,/, 




ihowdlE i^mgmRconi 



of cattle, I have a vivid remembrance of a veterinary 
surgeon, of such eminence that I dared not con- 
tradict him then, who triumphantly brought a real 
A cow had been killed by lightning. 



"thunder-bolt." .. __ , „ „, 

and this "thunder-bolt" was found just underneath 
her. Where were your "scientists"? There v 
dead cow ; here \\'as the object known for centu 



c was ^^J 
nturi«ri^^H 
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the " thunder-bolt" ! Could cause and effect be more 
closely associated ? 

I "shut up." What is the use of aiding with a 
man who has made his mind up that he is right and 
everybody else is wrong ? 

The fact is, as just stated, the boulder-clay forming 
the subsoil of the Eastern Counties abounds with 





derivative OoHtic Dclcmnitcs. These may be picked 
up on the surface. The poor old cow happened to 
have one underneath her when she died (I have not 
the slightest doubt she had frequently laid down on 
them before), and in this way the "thunder-bolt" 
theory received extra support ! 

Popularly speaking, both Ammonites and Belcm- 
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nites should be regarded as belonging to that j 
of animals which, rightly or wrongly, has for years 
occupied the leading position of the Invertebrates. 
Nautiluses and "cuttle-fishes" still figure at the top 





and bjr Kiphun 

of this division, and many students accept that poal- ' 
tion as indicating their higher zoological rank, 
philosophical naturalists doubt this, but meant! 
must accept it, for classification purposes at 1 
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My readers are fully aware that those parts most 
precious to the geologist — viz. those which resisted 
decay because of their hardness and earthy composi- 
tion, such as shells, corals, spines, tests, etc. — do not 




necessarily represent the most important parts of the 
animal economy. The geologist has still to be thank- 
ful for those shreds of evidence which not long since 
were regarded by concholotjlsls and others as the sole 
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ends of knowledge. Not much more than a 
of a century ago, conchologists were careful only to 
collect shells; tlicy hardly cared for the creatures to 
whom those shells originally belonged, and 
knew very little of their lifc-histories, now the I 
valuable part of them. 

Whatever may be the actual zoological position c 
the Cephalopoda (to which these OrthoceratiUs, Ammo- 
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nites, Btlemnites, etc., belong), there is no question 
that they stand at the head of the Mollusca. This 
is evident from their high organization, their well- 
developed eyes, nervous and muscular systems, hydro- 
static apparatus, etc. Thanks to our public aqua] 
most people arc acquainted with the appearance 
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such representatives of the order as the cuttle-fish or 
octopus, and can readily understand why the order is 
named Cephalopoda, because of the arrangement of the 
arms or feet, or whatever wc Hke to call them, around 
the head. A few members of the order have their 
hard structures or shells outside their bodies — as the 
Nautilus, for instance ; but the majority of them have 
the solid parts inside, 
which are called "cuttle- 
bones," "pens," etc. In the 
modern seas the shelled 
Cephalopoda (such as the 
Nautilus) arc exceedingly 
rare, and the cuttle-fishes 
both abundant and widely 
dispersed. In the seas of 
the Paleozoic epoch the 
reverse of this was the 
case — the Nautilus family 
abounded ; the cuttle- 
fishes had not come into ng, 3=..-Poni<,n of r..m/,v. 
existence. All the Cephalopoda arc carnivorous in their 
habits x\ow, and there is every reason to believe they 
were always so. 

We may practically divide the Cephalopoda into 
two divisions, for the benefit of the geological student 
anxious to be acquainted with the fossil remains of 
each group. First, there are those possessed of shells, 
such as the Nautilus and Ammonite family; and 
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second, those which had hard internal structures, like 
those represented in the Secondary rocks by the 
numerous Bclcmnitcs, and in mcxlem seas by the 
" cuttle-bones." 

The lovely shell of the modem striped NautilHS 
pompilius is well knoivn, and may be seen in any 




Fig. 3u.j.-Inltriw] ihelUof KMDt CulllcfiUl. 

museum. Its architectural and mechanical slructure 
appears to be the same nowadays as it was in the 
early Palaeozoic ages of tlie globe. There is a series 
of chambers united by a tube called the sipkuncU 
nmning through the centre of them. The last 
chamber is the largest, and is called the body-chambcft 
because it was last occupied by the body of, 
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creature. Each chamber was formerly filled by the 
animal, which retired from it as it grew larger, and 
formed another with more room ; but it maintained 
its organic connection with all of these deserted 
chambers by means of the siphuncle. 

These shelled Cepha- 
lapods {Tetrabranchiate or 
" four-gilled ") are sepa- 
rated in the Nautilus and 
Ammonite families. In 
the former, the divisions 
{scpia) of the chambers I 
arc simple and cun-ed, and 
the edges {sutures) plain, 
whilst the siphuncle usu- 
ally runs through the 
middle {eeiifraf). as above '''*■ 3°>-' ■>""""• 

described. In a few instances, however, the siphuncle 
is ventral, or at the base of the chambers. 

In the Ammonites, on the contrary, the septa are 
folded and very complex, and the sutures arc zig- 
zagged, foliated, or irregularly lobcd ; the siphuncle 
or air-tube is on the outside of the chamber (dorsal). 

These arc very well-marked and easily recognized 
points of difTerencc. It is as well to remember them, 
for, as far as external appearance goes, it is singular (as 
Dr. Nicholson has shown) how one group mimics the 
other, the real fact being that they were built up on 
the same external architectural lines. Thus, in the 
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Nautilus family we have — (i) the straight-shelled 
group called, on this account, Orthcceras ; (2) another 
with the shell bent on itself, as Ascoceras ; (3) a curved 
shell, Cyrtoceras : (4) a spiral form, Trotfwceras ; (S) 
a discoidal kind, Gyroeeras ; (6) discoidal and pro- 
duced, Litiiites ; (7) and the involute, as represented 
by the Nautilus itself. 

In the Ammonite family all of these external 
shapes are repeated. Thus the straight ammonital form 




is represented by (1) Baailites ; (2) Pfycki 
Taxoceras : (4) Turrilites ; (5) Crioceras ; ( 
ceras : and (7) the ordinary Ammonites. 

The Nautilus family, however, was by far the 
earliest to appear in the seas of the globe, and many 
of its genera had died out before the true Ammo- 
nites appeared, although the Gomatitts are fouj 
Silurian rocks. 
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Practicallj', therefore, wc may regard the Nautilus 
family as being essentially Pal:eozoic, and the Ammo- 
nites as characteristic of the Secondary period. 

The NautilidiE include the following well-known 
genera of fossils, LUuiles, Troclwccras, Cotrtpkoceras, 
Ortkoceras, Troclwccras, Phrapnoceras, Cj-rtoceras, 
Clymcnia, etc. 
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In the Ammotiilida we have the well-known 
Coniatites, Ceratites, TurriiUes, Banilites, HatniUs, 
Scaphites, Ptychoccras, Ancyloeeras, etc. 

Wc find these beautiful fossils of all sizes (although 
some so-called species are doubtless the young stages 
in the development of the larger kinds), as well as 
possessing wonderfully numerous kinds of external 
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ornamentation. Ammonites range in size from the 
lovely Ammonites lauttis of the Gault, not bigger than 
a threepenny-bit, to the A. giganteus of the Upper 

Oolite, as large as a cart-wheel. 

The Cephalopoda first make their appearance in 
the Lower Trcmadoc rocks. One form, Cyrtoeerai 
precox, found at Llanerch, west of Tremadoc, is the 
oldest known, Orlhoccras serkeum appears in the 
Upper Trcmadoc strata at St. David's, Llanwern, and 
elsewhere. The Orthoceratifes (as this genus is usually 
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called when wc speak of it in the plural) arc 
numerous in the Upper Silurian beds, as at Woolhopc, 
Wenlock, and Ludlow, .J\t the latter localit>' thcj- 
arc very numerous, and some species attain a large 
size. About thirty species of Orlltoceras and Nautilus 
arc known from the Wenlock formation alone; 
twenty-four species of Ortlioceras occur in the higher 
Ludlow scries. The Ajmestry limestone is singulaHy 
rich in places, in various kinds oi NaHiilidtz. Indeed, 
Whenever the Upper Silurian strata are rossilirerou^ 
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the geologist is sure to find numbers of this group 
present. 

The Devonian limestones cropping up in the 
neighbourhood of Torquay and Newton Abbot, and 
also the Upper Devonian rocks at Pethenvin, in 
Cornwall, have yielded about sixty species of fossil 
Cepliahpoda. At Pethcrwin the chief kind Is the 




i»io|[ clumbcn filled wilb ^u. 



beautiful Clymetiia, of which eleven species are there 
met with. GonUttUes is another genus not uncommon 
at Petherwin, although not so numerously represented, 
as far as species go, as Torquay. The richly coloured 
red and yellow limestones at the latter place arc cut 
and polished, and then present a very lovely appear- 
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ance. bdog cioirded with fosal, corals, shells, et« 
and not unfiequciitly we see a white, vcrtebratc- 
looldi^ ctf^asism cut through — this will doubtless 
be an Ortkec/ras. 

In the CaTbooiferous limestone this family attains 
its maximum de*-elopment, for no fewer than one 
hundred and sixt>'-ninc species have been described 
from this and associated de- 
posits, up to and including 
the Millstone Grit. In this 
list we find fifty-nine species 
of Goniatiies, forty-eight of 
Orlkoccras, thirty-six of 
Nautilus, and seventeen of 
Discites (which is usually re- 
garded as a sub-genus of 
Nautilus). Some of the in- 
di\'tdua1s attain a gigantic 
size. I have found fossil 
Nautili in Derbyshire and the Isic of Man which 
required a strong man easily to lift them. And, 
especially in the Irish Carboniferous limestone, speci- 
mens of Orthoceras are met with as thick as a man's 
thigh. 

Perhaps the commonest of the Carbonifei 
limestone Goniatiies is G. spha:ricus. It abounds at 
Castleton, in the Peak of Derbyshire — at places in 
.swarms. Higherup the scries, in the Yorcdalc shales 
at Todmordcn and Hebden Bridge, there are thin 
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lan's^^ 
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bands of black limestone completely made up of 
small Goniatites, In the shales which overlie the 




and Lancashire — best seen, perhaps, in the neighbour- 
hocxl of Halifax and Oldham, we have a splendid 
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fossil, GmiatUes Listeri, as large as the palm of o 
hand, and frequently converted into iron pyrites. 

The Ceratius of the Muschelkalk (Trias) of 
Germany is nearly allied to the Ammonites, and is 
a member of the latter family. The edges of the 
chamber-di\-isions in Ccratilcs are not so intricately 
folded as in the Ainmenitei jjropcr, and, singularly 
enough, many of the yoiiit^ in some species of 




Ammonites pass through a Ceratite stage, in that 
their sutures are less complex then than during their _ 
adult life. 

About live hundred species of Ammonites batN 
been already figured and described, as occurring in the 
formations from the Lias up to and including the 
Chalk. Palaionlologists have roughly separated them 
into six great groups as follows: — (i) Those where 
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the external or dorsal edges of the shell arc marked 
by an entire ridge or keel; (2) those in which the 
back is crenated ; (3) those having the back sharp ; 
(4) those with the back channelled ; (5) those with 
the back squared ; and (6) those with the back round 
or convex. 

The Lias and Oolite abound \\\ Ammonites, 




About two hundred species have been found in the 
Lias strata alone, and they are so persistent that 
thirteen zones are distinguished by the presence of 
certain species of them, which have a limited range. 

- The name of "snakestone" is given to them at 
Whitby, where Ammonites of many kinds abound. 
They are found in blue nodules, which, nhen broken 




lands, where they have long been removed by i 
nudationn. In the Oolitic strata of Sutherland i 
Impure coal is worked, as at Brora, and there i 
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roof over the coal is literally crowded with the 
elegant Ammonites Jason. 

Mr. W. Hudlcston, F,R,S., has remarked on the 
suddmness with which about forty species of Ammo- 
nites make their appearance in the Kelloways rock 
of Yorkshire, He thinks it due to a " regular inva- 
sion," Fossil Naiilili arc not unfrcqucnt, both in Lias 
and Oolite ; and some very pretty ones, cut and uncut, 
are offered for sale at Whitby, Scarborough, Lyme 




Regis, Weymouth, and other seaside places where 
fossiliferous strata occur, and where people come with 
a little scientific taste, more leisure, and most money. 
The group of Ammonites technically known as Onthti 
occur plentifully near Scarborough, At Cayton Bay, 
Filey, and Pickering, in Yorkshire, we have well- 
known localities for very large Ammonites, such as 
the easily recognized viwwffwiV« excava/its, A. verte- 
bralis, A. perarmatus, A. pUcatUis, etc. 



Ji6 OUR COMMON BRITISH FOSSILS. 

The Cotteswold district is a capital one for 
"snake-stone" hunting. There wc find beds full erf 
Aininoiiites Pa rkinsoni and A. Humpfircsianus. 

In the neighbourhood of Kimmcridge Bay — where 
lie the strata forming that division of the Oolite which 
takes its name from the locality — there are numerous 
fossil Ammonites, all flattened, and usually of a 
creamy-white colour. We often get fr^menls both 
of the Kimmcridge and Oxford Clays in the Boulder 
Clays of the Eastern Counties (where they have been 
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brought by ice-action), and they are sometimes so 
full of these and other Secondary fossils that the 
student may study the Dorsetshire, Oxfordshire, and 
Lincolnshire Oolites (or their representatives) without 
leaving his own parish. 

Of course, in the neighbourhood of Portland we 
may see any number of huge, bulky Ammonites in 
the rockeries of gardens. These large types are 
found plentifully in the Portland stone, although only 
as natural casts. 



FOSSIL CEP/IAlOrODS. 



3'7 



Mr. Robert Etheridge, F.R.S., in his presidential 
address to the Geographical Society of London, stated 
that "the whole of the Secondary rocks, from the 
base of the Lias to the highest Chalk, have been 
subdivided and specialized by the Aminonitida — a 
classification holding good for Europe, India, and 
America, many species being the same both in the 
eastern and western hemispheres." 

Perhaps the commonest species of Nautilus in the 
Inferior Oolite is the elegantly shaped Nautilus kexa- 




gouus. It is found in the " Combrash " of Northamp- 
tonshire, Kellaways rock, and other subformations, 

I ought to mention that certain fossils called 
Tri^nellites arc found in the Secondarj* strata, and 
that they have always been regarded as the "opcr- 
ciila," or "doors" of Ammonites. The late Charles 
Moore. F.G.S., of Bath, was strongly against this 
notion. 

In those subdivisions of the Oolite which are of 
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pordy argillaceous or clayey origin, the fossS Am 
nites stai retain their pearly, iridescent nacr^ 
" mother-of-pearl " coating. This is the case 1 
them in the Oxford Clay, and also in the Gaulf 
subdivision of the Cretaceous or Chalk format 
Indeed, in the latter the fossils arc perhaps 




beautifully prescn-ed in this respect than in any otl 
formation, although I have laid open Stropkomi 
and other fossil Brachiopods in the Wenlock Sha 
(another clayey deposit), ivliich showed distil 
nacreous lustre at first, but immediately vanished 
exposure to the air. 
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The Gault near Folkestone is a magnificent store- 
house of fossil Cephalopoda. Both on the beach and 
in the brick pits on the common any quantity of 
fossils can be obtained. The Ammonite family seems 
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tO run into strange and fantastic external forms In 
the Cretaceous strata, commencing with tlie Lower 
Grecnsand, and passing upwards through the Gault, 




Upper Greensand, and Lower Chalk. The regularly 
coiled Ammonites now become irregular. Sometimes 
they are only partly coiled, as in Crioceras ; at others 
hooked at one end, as in HamUes, or coiled up at 
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both ends, &s in Seaphites, or they may be quite 
Straight, as in BacnliUs. The Gault is remarkable 
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for its abundance of these t}'pes. In the Lower 
Chalk they are represented chiefly by the spiral form 




Turrililes, At Atherton, in the Isle of Wight, these 
fossils CKCUr in abundance, In the South of Engla 
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generally, wherever the chalk marl is uorkeii, manj- 
of these forms of Ammonitida: will be found. A good 
many true Ammonites range to the vcr^- highest 
part of the Norfolk Chalk, ivhich is, perhaps, the 
highest horizon in England — such as Ammomics Rho~ 
toiiingeiisis, etc. 




The Bekmnitcs belong to the Dibraiuh'tate (or Hvo- 
gillcd) division of Cephalopoda. The fossils^ known 
by this name are the hard internal parts or " guards " 
of an extinct family of cuttle-fishes. It will be seen, 
iii a perfect Belemnite, that the upper and thicker 
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part is usually hollow ; sometimes, however, it is 
ixrcupied by an inverted conical object, divided into 
nearly horizontal chambers. The latter is called the 
phragmacone. Its chambers are usually tra\erscd by 
a tube or siphuncle, as in those of the Nautilus, and 
the internal parts of the extinct animals which formed 
the Belemnites were chiefly contained within the 
last-formed chamber, as the body of the whole animal 
is in the Nautilus, The true Belemnites only occur in 
Secondary rocks of this countrj-. In the Chalk we 
have a sub-genus termed Bdemnitella, which may be 
distinguished from the former by the slit in the upper 
part of the guard. It is clearly seen in that most 
abundant and widely distributed Chalk species 
Belemnitdla mucrotiaUi. 

In the Lias and Oolite, Belemnites are inar\-cl- 
lously abundant. Near Whitby the limestone fre- 
quently appears as if wholly composed of them. 
Scores are often seen on the surface of a single slab. 
No fewer than one hundred and fifteen species have 
been described from the Oolitic rocks of Great Britain 
alone. There is as great variety In their sizes as in 
the other families of Cephalopods. For instance, we 
have some species in the Lias whose " guards " arc a 
foot and a half long ; and others, like Belemnites 
minima, found plentifully in the Lower Cretaceous 
strata— and particularly in the Gault — only about 
an inch long. 

Genuine cuttle-fishes, allied to existing ; 
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arc also met with, chiefly in the Oxford and Kim- 
incridgc Clays, where they have been so well preserved 
that even iheir "ink-bags" are fossilized — clays being 
always the best preserving grounds for fossils. After 
the long periods of time which have elapsed since the 
ancient creatures secreted tlic pigment, it is still avail- 




able, and I have seen sketches in sepia made en- 
tirely from the fossil ink of extinct cuttle-fishes ! 

The limits of space prevent me doing more than 
merely sketching the outlines of the history and 
affinities of our most interesting and common fossils. 
The student who collects will soon learn more about 
them ; particularly in the magnificent volumes pub- 
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lishcd by the Palaeontographica! Society of 
Hritain, which form one of those unconscious monu- 
ments of Englisli voluntarj' science, the rest of the 
ivorld can only wonder at. 

One common lesson is written upon the rocVs of 
all gcolc^ical ages by these palaeontological characters 
—that in the midst of life we are literally in death ! 
That the platforms, on which the vitality of animals 
was temporarily exercised during one period, had their 
foundations laid down, and were built up, by the Heath 
and extinction of the species of a preceding period ! 
" Upwards and onwards " has been the motto of the 
Organic Life of the globe,— in spite of those " fallings, 
off, \'anishings," of which Retrc^radation takes par- 
ticular note. One cannot reverently study these 
incomings and outgoings of the life-forms of succeed- 
ing epochs without feeling that "one Divine Purpose 
runs " throughout the ages, connecting and uniting 
them into a single great Life-scheme, of which we as 
yet see only the tangled and disjoined portion; 
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316 i 



AulhriKena,'l^\ _ 
ApiocrinileE, 138, 139 
AporoM cotlkts, 63, 64, 67 
ArtuUslilit, 164 

Ateiditt and sea-maLs, 3ii; lan'a 
of, 313; relalion to brochio]x>t]a, 

314 
AsfidafhyttuiHt 87 
Aslrira, 69, 79 
Australian Brathiefoda, 231, 232, 

234 
Ajiiicslry limestone corals, 77 



Barnacles in Silurian, Rh.-vtit, 
Oolile, and Chalk strata, 303 : 
in Coinlline and Red Cng, 304 

Barton Claj, foKiili of, Z74 



HeiJi, coials ai, 87 

Ikiemnitcs, 331 ; struclurc of, 3ZI ; 
in Lias and Oolite, 333; their 
relation to culile-lishcs, 333 

Beniholl EcIec, corals at, 76 

Ulack >Jeaa, Cnrl«niferous lime- 



Blaili 



'' . 



>n of, I 



boring sponges, 13 

Bon-stones, 379 ; fossils in, 380 ; 

tocolilies for ^ndLig, zSl 
BiMhiapada, ail; !ife-hisl<Mi«t of, 

333: geological antiijuity of, 333; 

erroneous notions coDceming, 

2:4 ; Innul stogc-s of, 334 
Bracklcsham, Tertiotj fossils of, 






i74 
llRulford (Wilts), 



Cambrian fossil woniiliacks, 
163 

molliisca, 345 

rucks, Lower, sponges it 

rocks, Oldhamia at, 37 

triloliilcs, 189, 193 

Cainlirii1gc>hire coorulites, 30! 

CarlionilerDiis corals, 65, 69, E 

88, 89 ! of Scotland, 85 



i, 136 



moUusca, 248 ; localities for 

finding, 24S, 249, 250, 15 1 

polyz™, 217 

trilobiles, 191, 198, 199 

worm-tracks, 166 

Cwpenter, encrinites liretleecl by, 

<n shells qF bmchio- 



104, 1 



t'arpcnier, Dr. 

Carrick mounlain, OMhamia al, 37 
Carnilhets on graptpliles, 44, 47 
Ct^halBpeda, zoological position of, 

302 ; division o(, 303 ; shelled, 

305 ; lirst appeaiance of, 308 ; 

Carbonirerous, 310; localiiiesfoc, 

310.3" 

Gnull, 319, 320 

Ceralilts, 31a 

Chain -coral, 74, 79 

Chalk fos'ils, character oP, z6j, 

266 ; Lower, 266 
Chalk, white corals of, 95 ! sponges 

in, 16; faramiiiirera, 30; ea- 

crinilea, 123, 129 
Chen, ai 
CAoauilis, 25 
Cladasraplus, ^J 
Ctadophiira, 46 
.■.!„■. _(■ .._!._ ]i-irack in flap. 



■ roniston limestone corals. Si 
^1 Corals, ancient, genera, of one 
^^ species. Si 

^K recent and fossil, 55 ; elassi- 

^H fication of, 58 ; abundant, 73, 74, 

■ 75. 76' 7X, 79, 80, 81, S3, 84, 
^H 85,87, ES, 89: in flints, 95 
^H Corat-reefs 69, 70, 77, S3, 90, 94 
^H Coralline Crag, 2S4, 285, 286; 
^H northern shells in, 286 ; Dt. 
^H Woodward on shells of, 1S7 
^^K Corallines, 33 



Corm 



170 



e fossils aiU^ I 



'owes, fluvio-n 
Cr.ig beds, 2 , 

fossils in, 3S3 ,- division of, sSj 

corals in, 97 

fossils, loc^ilies It. 

292 
polyioa, 219 ! loc 



15? 

foraminifem, 30 

mollusca, 262 ; localili« f r 

hnding, 262, 263, 270 

polyioa, 217, 2i8, 231 

spoDges, 16. 18, 25 

strata, angle-corals chanclc- 

islic, 94 

slar-(isbcs, 137 

Crinoid, recent, 104 ; {"sljiena: 

described, 113 
Crofalocriiius described, 125 
Crustacea, dasilicatioo cJ. aoj: 

larval changes of, aoj 1 £i <ilii|fk>l 

apfieatanee of, 205 i locaHlks (if 

finding fossil, 206, 307 

Cniiiana, what it b, ly 

Ciymgraioiii, 47 

Cyalha--"- <"> 

Cyatke, 

Cyalhppkyllum. 78. 79, fa" 

Cyprides in cool mensam, ^»j,i 

CystiiUa, position of, 1 1^^ \y^ gi 





Diiraiiograflm, 4S 
DidyniagraflHi, 47 
Di^hgrafiut, 47, 50 
Dissolution of spicules, It 
Ditmfa, 173 

[>udlc]r limestone corals, 73 
UuinrHcsshirc, graplolile^ of, 49 



EailiMt ttilobiles eyclesi, 1S4 
Echinodtrmaia, inler'rclalions or 

different fonns, 107 1 ihclr foung 

condili(xi, IIO; suncture of, 144, 

146; of fossil, 147, 149 
ErhhuKsa, 105 
Echinus, tog 
I^lwj-seg coiali, 87 
Eifel Mountains, ciiDoids in, 136 
" Encrinital limestone," tiS 

marble, lao 

Enciinile, dcKriplion of an, 1 11 
Encrinites, 98 ; zoolngical )io^iion 

of, 99 i living, 107 ; nbunilani. 



I, "3 

Fossil cephalopotbi, 296 ; f(>lk-loic 

— worms, ISS 

Fcasils, abundance of, 3 : doubtful 
classitication, \\', popular names. 



127. \z% 

efTcclsotmiuldy waleron, II 

rrimary. lis 

Secondary, 128 

EiKrinusmonitiformu, 128 
Ee-Mni Caitademt, aS 
FMkcria, 203 

l^ihctidec Mr., on sponges, 19:0 
PnxiudHi, 333 J on AmmmiliJ,, 






16 

Furaiiunifera, 38, 29 ; ir 
ferous limestone, 30: in 
chalk, 30 ! to prcpnrc, 50 

Fimilina limestone, 19 

Emm cpntrarim, 280 



Gault ccliinodctm!!, 153 

fossils of, 163 

Gaslcmfoda, differentiation of, 342 
Cirran, corals al, 8z 
"Glass-rope" sponge, 18 

Clypi-Hf- 

Gon ■ 



■> 132 

GoHiatila, in Yoredalc shales, 1 16, 

GmwthKic, 41, 43, 44 

GrHptoliles, 38; zoolt^cal position 
of, 40 : siruclure n^ 43 ; abun- 
dant 3i, SO, SI. V, li i in shale-, 
54 

GraplaUlhas, 47 
Gravel flint*, sponges in, 37 
Greenranii echini, IS3 
fossil mottusca of, 363 i lo- 
calities for, 364, ^s 
sponges in, 19, 35, 16 



F 

Fasdi-iilaria aiiraiiltiim, 3JI 
Eavoiilei, 79, 83, 84 
Fcnther-star, I07 

FeliiisloB'e, fossil lobsters at, 207 ; 
fossil shells al, 378 



" Firt-sl 



"as 



H 

Ilafud, corals at. 88, 89 
Haiyiilis, 78, 79, 84 
tlanipsieoid beds, fo&slls of, 276 
HiHglila. 63, 78, 81, 83, 83 
liexatlhullidir, ii, 12. 23. 34, 25 
Ilindc on sponge spicules, 19 
llopkinson on grapiolitos, 40, 41^ 

V> 
Ilunslanlon, corals at, 94 



HuntinE-grounds for Silunan s 
fish, 138, 139; for Khictic s 
fUh, 140 : Tor Lias slar-f 
141 ; for Oolitic slar-Bah, I, 
for Chalk stnr-Gsh, 142 

J/yalancma, iS 



Irclnnd, corals in, 87 




J 

Jaws of mixlLTn won 
fossil, 163 


IS, 161; of 


K 




Kentish rac, spoiicci i 

Kirkby-LSn^liItT «■ 

flpigsof 161, 167 


. '9 

nn - tracked 



L 

Lamp-fihells, 222 ; origin of name, 
225 1 description of valves of, 
225 ; stmctuTC of shells of, 226 ; 
internal siniclure of, 227 ; loops 
and spirals in, 228 

Lapworth on graploliles, 40 

Lessons (aught by fossils, 324 

Lias corals, 90 

encriniles, 128 

moHuscn of, 254; in Scol- 

tnnd, 2j6 

slar-liBhes, 137 

Liissic ammonites, 313 

rocks, eoioon in, 28 1 fora- 

"Lily Encrinite," laS 
IJmeslone, foraminifem in, 2S 
Lincolnshirt, Oolite siratii of, 257 ; 

quarries in, 35S 
LithisliiLe, II, 12, 19, 23, 25, 2(3 



Lilkoilrolien, 88 

Llangollen corels, 87 .^^^^ 

Locomotive oi^ani of stsr-fiJi, !■} 
Longmynd locks, worm tracks in, 

166 
London Clay, encrinites, IZ9 
fossils of, 272 _; locaJiti 

273 ; fossil wood in, 373 
Ijoudalia, %^, SS 
Ludlow rocks, sponges in, k 



M 

Madrepores, 67 

Malvern Hills, corals 11 

Matum, 26 

Marble, encrinite, I20 

Maisupites of Chalk, 112, 12O. I31 

Microscope, use in geology, 37 

Alicrama, 18 

" Milleporc-bcd," 91 

Moffat, graptolites at, 49, ■ 

Mold, UnsdaJia at "~ 

Mmmttiiullida, It 

Mitttilivaltia, 91 

Motley, Professor, on coraU, 60 

MoUusca, aniiquity of, 239 ; cum- 
posilion of shelU of, 240 ; cslc'ilic 
and arragonitic structures inshelU 



time, 244 ; geological loL-«lhiea 

for first species of, 244 
fossil {WlB»«iic),a39i Sewnd- 

ary, 253; Tertiary, 271 
Midlock Hill, corals al, 84 



foss-l, in Oolite, 317 

/oM/,/(Hr, 394 

Nicholson on gia[itoIilc« 



Nurllianiptooshire, fossil cnoUuMra 
Norwich, corals near, 96 

— <~'"<g- 191 i roisiii or, 393, 

193 ; division of, 293 ; localiliet 
for Ibiidb in, 394, 395 
NummuUle limcalonc, 39 



OUIhamia, 35 

Om^iyma, 78, 79 

Oolite, Greal, sjxinges in, 19 

Treah-watcr beds of, z%i ; 

fossils in, 161 
mollusca of, 255 ; localUici 

for, 358, 3^9, 360 

Yorkshire, fossils of, 357 

Oolitic corals, 91 

Crustacea, 306 

cchinoderms, 154: localities 

f»r. IS4-6 

cnciinilcs, 117, 138 

jxdjraoa, 317 

Old Red Sandstone takes, the, Z40 
Ossicles of cnciinites, 114 
OiiAocttalilts, in Yoredale shales, 

116 

Ortra 



:icu/aris, 368, 369, 370 



PaLmhinuj, slruclure of, 153 
Policoniagraphical Society, 334 
Palnditta, Wealden, 339 
Parameudra, 26 
Peak distiici, encrinltes In, 118 
" Peat encriniie," isS 
PmfacrinHi, 113, 138 
PtiUanumi Knighlii, 78. 335 
Pentremiles, 130, 13J 
Pcrftrala, 66 
" I'ciiwinkle Rocks," 38 
Pcnninn mollusca, 251 1 loc-ititie^ 

PhUlipiailran, 89 
l-ho^phorilc, 3oS 
Phosphate, sponges converlml into 

36 



EX. 32-» 

rliocenc fossils. 37S 

Plauorbh, Eocene, 240 

PlalycriiiU!, 137 

Plenngmplia, 48 

Polvzai, appearance of livinc, 311 ; 
their relation lo Braehiefoda, 
314; localities for fossil kinds, 
215-317; in Coralline Crag^, 3S4 

Portland slone sponges, 19 



Poltiii 



!. 137 



Prestnich on the Crags, 3S5 
Piodmtida, 333 
Produclm ^mnteia, 333 

Llangeilieiitii, 333 

t'yriiizeil cncriniles. 118 
Piirliect linipiionc 'pongi.--;, iC 



RadiiUa. I04 

Radiolarians, iH. 32 

Ramsey Island, grapioliii'i 111,48, 53 

RaslriUS, 43. 47 

Recf-buiUling cornls, 69 

" Rose encrmite," 135 

JChabJafhai'a, 40, 46 

Rh.T;lic molliisca, 353 1 localities for, 

2S3. 3J4 
RhBdeirtiiiis, 125. 137 
RliyiieHentUiiitf, 339 
Rhyackenrllii locialii, 232 

if'ilsom'i, 333 

Rliipisa, 63. 64 



SaicaseiiHi, 139: of Oolili'. 



Sea mats, 309; structure of, 3I( 
distribution of fossil, 3|| 

.Secondary corals, 90 

S.-r/>ul,t, 170; in Oolilc, 173; 
Chalk, 173 

Scrtularians, modern, sirui^iiiri; 1 



«£•„ 



cefhal-fifla, 308 



Silurian corals, 70, fij 

eDCiiniles, It;, 117, 124, 113 

roraminirera, ^i 

fossil mollusca, Z4S ; nllera- 

tloiu in appearance uf, 14^ ; im- 
pressions of, 245 ; lot^alitics.-for 
finding, 246 

Tossil worms, 168, 170, 171,172 

■- graplolilcs, 38, 48, 49, 52 



[ar-fishe 



star-fishes, 138 

Irilobites, 189, 151 

Sifhenia, 13, aj 
Korb)', Ui., un coraK, 64 
Spiriftra, 128 
SfirerUs, 169, 170 
Spongiles, 31. 32 
.SpooEC-Hesh {sarcotU), (>, 8 
Sponge gravels, 26 
Sponges, boring, 13 

calcareous, 10, 14, I6 

Carboniferous, 17 

chitinoas, 10 

compound animals, 7 

Cretaceous, 16, 18, 2; 

Great Oolile, 19 

- — - Grecnrond, 19, 25, 26 

in Lower Cambrian pkUs, i i 

in Ludlow locks, 10 

Kenlish Rag, 19 

Portland slone, ig 

- — ■ Purbeck limestone, 16 

recent, 13, 19 

sUiccous, U 

Silurian, 13, 17 

spicules of, 9, 10, 18, ig 

Star-liiihei, 130; deep sea, 136 
Starkie Ganlnci on inodificniion of 

motlusca, 242 
" Si. Culhbert's Beads," 128 
Slrefhomina, 331 
Stroud, coraU near, 93 
Swansea, laphrenlis al, 86 



Ttnbralulida, 22S, 234 

Tenbratala haitaia, 3J4 

grandii, 335 

Tertiary corals, 96 

Crustacea, 306 ; ai .Shep]ie)-, 

207 

mollusca, 371 ! 

of, 271 i in Thanet 
localities for, 372 

TttrattiHellid-i, If, 12 

Thamnastnta, 91 

ThaosmUiat 93 

Thomson, James, discovcnr oT 
sponge spicules, 18 ; on corali, ^ 

Sir Wyril le, « ncriailcs ilrcilgof, 

104, 122 

Thunder-bolt, story of a, 29S 

Thunderbolts, 296, 297 

Torloise-encriniles of Chalk, 112 

Trilobites, 174! folk-lore of, 173; 
i^tymology of, 176 ; relitlioas of, 
1 76 ; nielamorphoses of^ 1 77 ; 
their relation lo king-crabs, (781 
resemblance of larva of kiw-cnii 
to. 178 ; compound ej-es o^ 180. 
i8s i siiea of, 181 ; Banandc «i 
lan'al stages of, 183 ; Owen •» 
sexes in, 184 ; Uuckland on iro 
of, 185: botlom fccden, (87: 
Sailer on, 1S7 ; relations of 
species of lo shrimp, parksite 
{Bajiyrui), iSS; moulting i.f, 
1S9 ; relation to recent leniv, 
»92. 193 ! W leccnt d/au, 193; 
localities for lindin{^ 194, 199 ; 
clossiGcalion of, 1 99, 200 

Tn'gBiulliUi, 317 

Tubed worms, 162 



Upper Silurian BraihioJ-oda, J17; 
localities for, 336 i^h 



■ \'i;nii.s' flower- bosket, 11, j 



%VaTes, North onJ Soulh, gtn[ilolilc 
in. Sa. S3 

Nonn, corals, So, 87 

Wandering worms, 163 

Walet- vascular syBlum ofecliinoion 

^\■oallleo, 361 ; fo^iil nioUuscA ii( 

262 
Wtnlock Edge coral-reef, 70, 77 



Winilemierc, gra|)to1ilcs al, ;i 

Wooil, Mr., 127 

Searlw, on ihc Crags, 285 : 



I Woolwich and Reading bed*, ftnsils 
of, 272 
Worm-uacks, modem, 159; Tossil, 
159; indicative of subsideoce, 
160 : in millaione grit, 1E5 
Wonn-lubcs, 164, I65 
Wren's Xest, corals it, 71, 74 



YanHoulh (Isli; of Wight), a good 

locality, 275, 276 
Yorcilalc hcils encrinilcs in, 1 16 
^'oting, Mr. J., on mieroioa, iS 
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Viou BouoHtOD. la Ulumiaiicd 



Blackburn's (Henry) Art Kand- 

booka. Demr Sva, Illuslnted, uni- 
form ia ilia (o[ bfodiag. 

Aoa:)«>ny Nets*, tepaiala Tesn, [rolo 
IB?61o1SS3,eacbI(. 

Aoadamy NotM, 1884. Wilb utrlDf 



Acodamy Notsa, 1880-84. Cooipleia 
in Oca Vctnmc. >llb (bom JooFac- 
[imila lUiuuaiLona. Clotb iuDp, 61. 

Qpoavenar Nota*. 1877. Od. 

OPOavanopNotaa.Mpiralc rean, f codi 
IS7Bioie83,eubli. 

Oroivanor Not«, 1884. Wilb 7S 
lUuIUlliODl. U. 

Orok*onaf- Notaa, 1677-82. Wltb 
apoardiof joallluitralioDi. Damy 

Plcluraiat South Kanalnlton. Wilb 

;o lIlM lialioM, U. 
ThaEnillahPIetupMatlhiNat tonal 

Qallery. iit IlluiIiaUoai. tl. 
Th* Old MuUra at tha National 



3 tha National Qatlery. 
Julia. Dacof in, clalb limp, St. 



BiSL, 

P. G. DuNis. Dear Svo, k. 80. 

Thal>M-1«Salan,1884. Wliho«t 

Illuill. Edilfd bj F. G. Duir 



, 1Be3'4. Bdflcd bf 



BoDoacclo'a Decameron ; or, 

Tea DiTi- EalertiiiiBMDI. Tnmalltad 
In 10 BDgliib. wilb ID Inltodoctian b* 
TK0U>9W>taiiT,F.SA.WIibPonnli, 

— ' " - ■■" -"ul Copper. 

. Rill. 71. Gd. 



aod Sto 






India Proofs. !ll. 



Oblong 41a, bal< bo 



Savaca LIK 



lraladbdi.,21. 

lialad bdi., ti! 



Brajid's Obaervatione on Pop. 

ular Ant'qiiltlaa, chied; Illaitntiii( 
Iba Oii^n Df QUI Vulgar Cusloma, 



Bret Harta. Works by : 

Brat Hapta'a Collaoted Wotlia. Al- 
ranged and Ravliad by Iba Aolbot. 
CoBipleie in Fira VoU., cioini Svo. 

VoL I. CoimiTi Poinou. iiiD 
Daautiic Wou*. WUh Stael Pec- 
trail. Bad Introduclioa bt Autbot. 

Vol. 11. BaiLita Parau-LDca of 
RoauHQ CaHP.aad otbac Skatcbel 



4 



TUB SalMt Worka of Km Harta. in 
PioH and FoeliT. With lalrodnc- 
iQiT Euar bj i- M. BiLLi 



A NgTaL PetlSi% 

la,*. 



BOOKS PUBLISHED BY 



Sra, eloUi uln. 7i. Od, 

A Oletlonuy of tM Dnm* : Being 

> eompnhsntlvs Guide lo ibe PUt>, 

iJU,™ririii,,pUier». uid Playhmiset 

id KisgdoQi uid America, 



lioMTif of CurioM, (.-uiunl, Kid Out 
ol-xtit^Vlij Matlera Br El1»>i 
BDtrAai>a- New ud Cheaper luue 



Dldopot.— The Par>adox of Act- 
ma TiMiliti^, with rtnnolalioni. 



DobBon (W. T.). Works by : 

Lltepflpy FM»1ltl«,FBflelM,Folllal 



Drama, A Dictionary of the. 

Beiuf ■ camprebaiuive Guide to Ihs 
Pljit, FliTWTuliti, FluTen, lod Play- 
bguHt of the Uolled KiB(doui ud 
AineciM, from Uie EerKeit l> Ihe Pre- 
lum TlaeL Bt W. D*<riHraiT 
(UDlfarm wilb Bki 

["i Hudbagk "" " 

ilf-boand. m. M. 



DramatlStB. The Old. Cr. Bvo, 
- liuu.il. per Vol. 



tl ud Eip 

iulMemoi. ., 
byCal-CuHHii 



one*: Vol. II., Poemt uid Kinor 
Triui>Ulitini.wilb iDtrodiieioiTBuaj 
byA.C.SoiHua-ti VoI.tlL.Tiuii- 
laiiou of Uw I'ud uid Od]>***T- 



DuHjLTiSTi. Till Oua, a 
Mvlow*'* WerU. Includiuc bl* 
TrimUiioni. Edited triib Vat— 
ud latioduciion, b> Col. CvntmO' 

Maaelnier'a Playa. FraoilheTaliC 



Dyer. — Tha Folk-Lora of 

Plants. Bj T, F. TmaLToii Dr««. 
■■ • -- '• 1«L elMta er— 



S:'ii." 



Early English Poets. Edited. 

■ parV" — 

.o.> c 

John) 






Poellcal Worka. Two Vol*. 
Hen-lck'a (Robert) CompMI 

lectad Poema. Ttiiee Viil*. 
• idney'. (Sir Pfill ^. 

PoetlMl Woriia. TbrMVola. 



Edwardee(Mrs.A.), Novels by: 
A Palnl er Monoup. Pnai 8*a, lUot- 

ualBd b»rdl, U. 
Arenle Lovall- Poit Sto. illBM. Ua, 



Eggleston— Roxy: A NovsL By 

Edwau) EoaLtSTaH. Pwt Svo.IIIdh. 



Emanuel On Diamonds and 

PpMkiuaStona*: their IIUion.VilBa, 
and Propeitica; wi'ii Simple Taan lot 
aacertainint tbeL RoJilv. Bj Haaai 

ItluitiatioDi, tinicdandplaiB. Cnm 
av o.clolbeilra.gill.«». 

Englishman's Houso, Tha: 



Ewald (Alex. ChaHss, F.8.A.t, 



Snj, clotb eiln. Si. 
Tha Lift and TImM of PHam 
Charlaa Stuart. CouBI ot Albanr. 

tendei. Prom Iba State Paper* kad 
otber Saurcfli. New aul Cliauv 
Edition, iriih a Pnntail, ciown lf»o. 



CHATTO * WIUDVS. PlCCADiLLT. 



!i.8<l' 



Falrholt Tobacoo : Iti His* 

cooDt of lb* PUnI ud in Mnon- 

bctnre. and in Uodu of Vte in ill 

d Conntrlei. Bjr P, 



«lra. A. 



. Ciows Bto, doth 



Gmidh, PaiDilBgi, Pmlncn, CoDBirji 
Settt, RuiaL CbHrehB, Shi[i^ Sincli. 
ClubL Kuani CuriMilkii, ud iha 
lika. B* WiLLUH A. Whhlei, 

Aulbor of" N«*d Dimciof Ficilon ; " 



Faraday (Michael), Worka by : 

Th« Chamlcul HlHory of ■ 0«nd(« : 
LcclDceidetiveccd beforE > JavipUs 

Ediicd br Witxuu C«oo«i, F.C.s! 
Pou Bto, dolb eiin, villi dudsoiu 
lUonnliau, 4a. M. 
On th* VBricMM Fare** of NUura, 

aod Ibsli RehilkiDi la ui^b olbei : 
LeclaTa delivered beforsalKTeaila 
ABd-rncK >l Iha Koval iDilimtian. 
Edilad bj W1U.1AH Cloatu.P.C.S. 

liliuuili'mn. IM. Sa.' 

Fin-Bee — The Cupboard 

Paper*: Oburvalioni on Ihe Ait ol 
Livisf «id Uining. nr Fik-Bk. Poll 
8yo, Jolh Lim p, ii. ta. 

Filzgepald (Percy), Worki by : 

Tna Recnalloni ofs Utmr^ry Man 1 
CO ecuoDt o ■:^'«'|^-^,^y,g?; 
vo,cioUiut»,ai. 

Bi[ta.l«.M. ""■ 
L1(tl« Euayc Pauaga* fna (tia 

Letlsta ol CKAiLaa Liiia. Foal 

e»o, clo lb limp, li. M. 
Pnal 9to. illqitralFd bnudi. It, tach. 

Bella Oonna. I 

Tho Saeond M> 

Th* Lady of B 



a airaat 



Fletchfip'e [Qiln, B.C.) Com- 

plat* Poama; ChriR'* Vklorie m 
Huvea, ChiUl'a Viclorio on Earlti, 
Cbiial'i TriUDph o*er Dealb, and 
HiDoiPaemi. Wllh MemDrial^liiKu- 
ductloD tad N«ea br Iha BaT. A. H. 
G»omt.D.D. Ci.a»o . clo lb bd »., Sa. 

Fonbtanque— Filthy Lucre ^ 

Nonl. BtAliaht Di PooaLiK^ii. 
Pd»i Bvo. illnnrjlfd boanla, la. 
Frandllon (R. £.)■ Novels by 



po>tRTO,Uliu 
Olympl*. 
On* by O iw. 



aim, Ic M r. 



Eathep'a Olov*. Peap. iTOi ^li" 
A«Ml Quean. Cr.8Y0.cr.eitni.h.M . 



French Literature. History cf. 



I 



o. ill .lira le< 



.•a. clolb eiira, li. M-i poat 



FrlBwell.—Oneof Two: ANovel. 
Bj H4TTI Fdiswcu. Poat 810, illua- 

Froet (Thoma«)7Work»~6y : " 
Crown SvD. clolb eitn. 3l U. eicli. 
ClKua l.lf*and CIrcua Cal*bPlt«*, 
Cor^ura™, 



Tha ( 



kn. PubliihidAi 






Gardening Books: 

A Year'* Work In OKPd*n and OrMD- 



Bj Ton JianoLiii. Poll In, clain 

about Pkmien. Br Ton aod Ji'il 
TaiaoLD. lllBn.PailB(o^.lp.A Bd. 

Tin Oapdan that Paid in* Rani- 
BvToii lntaoLDi. Fcap. Bm, Uh.- 
(rated coiei. II.: cloth limp. ll. M 

My Oan 



IrP.G.VluT* 



LQaprett. 
Nowl. I 
Gflntlem 
I00 1BB4. 
NewSecii 



BOOKS PUBLISHED BY 



-TheOapel Girle: A 

1 Ebwabo G*rmtt. PosI 
ida.,».;ciJTo. cl.eii.,3«.B d. 

Gflntleman'a Magazlna (The) 

\e Shilline Moal^jr. A 
.rr,eDiilled''Phm*tl«i,' 



ODlhlf. 



't'Hom naiy.im 
ta Jdvb, 18S4, tiolh , 
Caus fur MiJing . «■ 



VelumifH I AH 



Oerman Popular Stories. Col- 

Ifclsd br ths Brolbsn C*iiiil. ud 
Tnuulaled by Enajkii Tatlor. Edited, 
•rithu laliadactiDo.bt JOBN Ruseih. 
Wlib n lUanntioai on Ste<^I b)> 
CtoROE CsuosiOHi. Sqnare Svo, 
clolb extra, Si. Gd. ; gill edgei, It. Cd. 



Gibbon (Charle 



1), Novels by; 

exra, it. Sd. ocb ; 
<d boaida, ti, each. 



Th* Dead Heart. 



and Stream, Tbree Voii., 



'Ollbept (William), Novels by : 



PlJiMOf Tr -r luir 

Th« SicOBD S»iiBcoaiaip*-Bii>. 

Job HsKtt— EBnged-Swoeihoaru- 
Gtotchen— Dan'fDnjcB— Tom Cobb-' 
H.M.S. Pinafore— TTia " 
Pintnof Peiuaaca. 



Olenny.— A Year's WoHt In 



Godwin — Lives of the Necro- 

manOBpa. By Wri.i.uii Gonit«. 
PcHt SvD. doiti limp. 3a. 



d Taylor s DIveraloni of Uh 

>Club. 

tfa (Dr. W. CJ Ballad HMorr 

ngland, 

tt'a iDr-> Sonsa tor Bailor*. 



n* Bf«*li 
■ntfOMIUM. Ca» 



by G. A. Sal, 
Hotmea'a Prof 
fast Table. 



ing-a OVaahlnaton] Talaa of ttn 

w'a (Edward) Scans* and Oe- 
jpatlen* of ■ Country Ltlk. 
nb'a Eaaay* of Eil«. BoUl Ssio 
ompteU in Ooe VoL 
Ih Hun^a Eaaaya: A T«l» far ■ 
himnn7 Comet, ind what PicOB. 
'iih Parinii.aDd tnuaduetioa ^ 

Arthur- 'tEo I^'^""' '".•^ 
nhtir and of ihe KDiihti of Ub 

car. Provlnelal Lett«». A Ne« 
;. *iih Hiuorical tali 



Heflocltoni With Notei, and lu- 
itoductorr EiHi br SAixra-Baun. 
St^Plerre'a Paul and Vlrgtnla. mtA 



^^ttago. Ediied,«iUi 

b £iU7 by LaioH Unat. . 
Iter oama. L«-«-l 

iithuinaiii POM^^^^^H 
ipar*. &c ^^^^^H 




Oolden Treasury of Thought, 

Th«: An EMCtcioMDM of Quo"- 
Thiodoh.Ti.loii. Ctowo8vo.clDl£ 

■'- ■ ■ ! tdgM, n. sa. 



Gordon Cummlng(C.F.], Works 

by: 
In in* HaerldM. With Aototjii* Fu> 

timile ud nuniirDUi fult-pafa Iltu*- 

traiioni. Dimj Bto, cloth eitn, 

BlSiL 
In thB HImalayu and on tha IndlKn 

liooi. DemTe>o,doilieilra.l*.ed. 



Graham. — The Professor's 

WirB^AEIOI?, BvLlOKABDCaAHlU. 

Fcap. Bvo, picluiB coiu, I1.1 c)oih 

e.»», ttsa. 

Greeks and Romans, The Life 

of tha, DCKtibed bom AnUqus Modo- 
Dinnu. Bt Emit Cuhi. aad W. 
KoKiB. Truilaled (roio the Third 
Gcniun Editioa, and Edited br Dr. 
y. HVEFTIII. Wilh ]4} lUutniiioDi. 
Nfo and Cheaper EdiUOD, dcmj Svo. 



Low Lira DeeDi: Ah Acconnl of tha 
Slrango F.sb to b* Found Tbeia, 
CtowD Sro. claih eilca. 3j. Sd. 

Dick Tampla: A NoveL FotI Sro, 
ill ailraled boaida, M, 



Quyot.— The Earth and Man; 

m, Phnicil GeogTaphj in iti (elation 
11 Iha HI9I01T of .Mankind. Bj 



L 



12 UiH and En|ra*isgi on Steel, 
aoma Colonred, and ctnrioua Indci. 
CiowB gw.doih eOn.rUM. »d. 
Hnir (The): Us Treatment in 
health. Weakaeu, and Dlseaia. 
Translated ttom the Ceniua of Di. |. 
I'mcua. CtoMBra, ll. 

Hake {Dr. Thomas Gordon), 

- ,. Dy: 

1 Ecataiy. Small 4I0, cloth 



and G, CeUTi: 



Halllday.— Every-day Papers. 

Bi Anoiiitt HuLiDtr. FoM tio. 
Ulmlraled boardi, ll. ____ 



Handwriting, The Philosophy 

of Withovir looFaciimileiandBi- 



Hanky-Panky: A Collection of 

VeiT EaiTTtlclu "i=-...--^-.- 

Wh'la blKic. S 
1 hi W. H 

. Cronat 



Hardy (Lady DufTus). — Paul 

Wyntar'a Sacrinca: A Starr. B; 
Ladr Durrus Haaar. Foit iio, Ulael. 



9 Madding 
Ir'ated bdL, f. 
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Hawels (Mr«. H. R.), Works by : 



with Colonred Fioaliiplece and 11- 

Tha Art Df DeoopBtlon. Square Sio, 
biDdtomely bound and pinfusely 
lUailraled, ICa. Sd. 

CliauMP for Chltdivn: A Colden 
Key. With Eight Colonred Picraiea 
and naueroui WoodcuU. New 
Edition, Imall flD, cloth citri. Is. 

Chauear tor Sct>aota Demy Ito, 
cloth liinp. U. fld. 

Hawels (Rev. H. R.l.—Amerloan 

"— loplata. IndadiocWAiHinaioii 
NO, Ouvaa Whhdiu. UoLuaa, 

r* Iti,a«v1.i. lAweu.. AaTHMUa 



liHts RuaaaLi. Lowiu 
WAHD,U>aaTwaia,aadB 



[MaTwaia.aadBaaiHuTa. 
RiT. H. R. lUwui, HA. 



J 



BOOKS PUBLISHED OF 



Hawthorne (Julian), Novela by. 

posi Svo. m'aitnied boardi. It. neb. 
Qvth. I Sabaitlvi Stroma. 

Prinn SaronI'* Wll^ 



Ira. OilIn>bi>POU(h', 

ciSE eil't i, ^M." 

rowQ gvoTdoth etm, f. SI sidi. 

ortune-i FooP, 

aatrix Rindolpn. With lUnsntkni 



IMPORTANT NEW BIOGRAPHY. 

Hawthorne (Nathaniel) and 

hi* Wirs. Bt Juliah HtwTHOiuci. 



Lmxt, pnnted oa llu best bAnd-marle 
ixpar, urp Sia die, and wiiti India 
pitloftaf Ua Ulnttniknu. ira reurred 
iomla la Ba^liad, prlea Ui. per set. 
ImaumkU amleauoB iboDld bs msde 
by anTdna dsahinc a copr of thu 
ipseiaTauI nc; limilad EdllioD.] 



a Gtaiat Hkatb, 

■The Fern World," ftc. Cro«o I 
C et., £■.:<]. gill. ^llFdBH.Sl. 



r Arthur), Work* by ^ 



Hoptalogia (The); or. The 

.Sptbo KnLnM Senso. A Cap wilb 
i. ^vBnBaia. C..BvQ.cloltn, .Ha.6l . 

Herbert — The Poema or Lord 

Harbort of OhoH)ury. Ediled. iriLli 
IntrDdnctloD, b; J, Chuitoh Collihs. 

Herrlck'a (Robert) Hesperldes, 

Noble Ngmbers, and Compteie CoU 
iHted Foami. Wiiii MenarlaMmni- 
dnciiOB and Nmc, br the Rev. A. B. 
(.IIDIAIT D.D., i,l'*1 PiKU.il. ■ ■ 
or Finl Linei, i — 
ar.. TbneVaU„ 



Hesse- Wartegg (Chevarie^ 

Tunis: Tba Land and (ha Panile. 

Wiih u lUostntioiu. Croarn trs, 

clolh eitn. Si. flC 
The New Sauth-West: TraTdlinf 

Sketcliei Eitni Kaaau. Km H«kB. 

._. ._j Noctbara Weika 

ire, cIMl 



Hlndley (Charles), Works by : 



Hoey. 


-The 


Lover's Cr«ed. 












.b,p. 






ctaw 






iskj,nit. 



<a(0. Wendell), Works by: 



iDlredTKiiin bt C.A. 

■O. clDlb UDtN fc 

at the BnaMtMC 
iBSIoireflru. P»i 



<n H^HEa 



fhima and Odditlaa. Coo- 
Wilh 111 tbg ariEiiul Illiu. 
b Foil ivo. clMb^imp, k. 



Hood (Tom), Works by: 

From Newhera to tha North (^alai 
A No>h'> AilnMlogicil Nuratne. 
WLih ,j lllMlt.Uoi., bjW. Ba«.. 
toK and B. C Bauh. RquK* 
eiown 8m, eloib mn, (lit adcai, la. 
A Norel. Poallir^ 



CHATTO * niNDOS. PICCADILLY. 



Hook'a (Theodore) Choloa Hu- 

nwvu* Work*, lacladiae bit Lad>- 

ennu AdKn<arsi.BiKi> Uou. Pnniand 



Hooper.— The House of ftaby : 

A Novel, Bj Mrl, GeDICI HOOFM, 



Home — Orion ; An Epic Poem, 

m Thi« Book!. Bj RlCHABO Ktil- 
I'tn-Tiiil rioln ■ Ucdatlion" b^^uti'^ 

Ultlll. TBnlb BdlliOS, CtOWD 8>o, 

(jQlh Mlra.Tl. 



Howell.— Conflicts of Capital 

■no Labour tl<«t«lca1lT md Seo' 
nomicallT cootidsndi B«io( > Hi*- 
iDTf uhI Rcriaw of tba Tnda Uniaoi 
dI Creil Briudn, •bcntinf ihai Ori^, 
PregrtM. CoaadlBlloa.ud Olij«cl),iii 
lb>ir Politial, Soelil, EcoDomical. 
and IndoairUI AxpccEL Bt Giaaai 
Howtu-. Cr. 8ro. elolb tiira. Tl, W , 

Hugo. — The Hunchback of 



Hunt E&sBvs by Leigh Hunt. 

A T>1« lai ■ Cblainej Corner, ud 
other Piece*. Wilh Po 



D Oluki. PmI 



Hunt (Mra. Alfred). Novels by : 

Cnwn SCO ciDlh eilra. Si. M. euh i 
poii Hvo. illu&iraied baud (, a. each. 

ThomlcKtrt'ft Model. 

Tb* l.«id*n Cuktt. 

Self Condemned. 

(ngelow Fated to be Tree : A 



Tufea or ■ Trsvellep. 

Talee of the *lh»mbr«. 

Janvier- Practical Keramice 

JmYii". CrJini8To.clnilieiir».6i.' 
Jay (Harriett), Novels by. Each 






ThaQ 



Jefr«Heft (Richard), Works byi 

Nalur* «*•■• London. Ciown ^o, 

cloib eitn, ti. 
Th* Life of tbo Field*. Crmn tn. 



hHo^vi f^Tvat. "wiiE^l"; lull 
miioni. A New Edition, crown Sid. 



(. Tl. U. 



Jerrold (Tom), Works by : 

TH* Garden that Paid the Rent. 

By Tom Jehold. Fcjd. aro.illoi- 

trilfd cover, li, ; tloib lanp, I*. 6d. 
Houeehold HorUcultupe: A Cowip 

about FIoBtn. ByTonandjAK. 

I1..0LO IllB.1,Po.t8ro.cl.lp,^,«a. 
Our Kitchen Oardan: The Pluiti 

we Crow, »od How ■ - ■ — 

Bj Ton lieaoLD. 

limp. U HL 



clorb 



Jesse — Scenes and Oocupa- 

tiona af ■Country Life. Bt Edwud 
l«m. Pnei Bto. tlmh limp. IL 



CndulltiM, Put and PraMnti ia- 

clodlDC tbe Sea lod Seamea, Mlnen. 
Ta]iimBiu,Wonl and Lcllel Divise. 
lioo, Ktoreitiot aod Bleiiisi of 
Animal*. Bird*. E«i, LDck, Ac. 
Wilhlaklcfaed>ra^upiec*. drown 



Crowr 



A Hillor] 



u alioot . Cr. It o. cloth e nlra. Tl . M. 

J on son's (Ben) Works. With 

Note) Ciliicil and Eiplanilarr, and 
a Diocn^iical Hevoir bt WiLum 
CiFToas. Kdiled bi ColoDel Ciih- 
KtHOiUH. Three Voli.. aown (to, 
cloth eitra. Ifc ; or le pa ralely ,di. each . 

Josephus,TheComp lete Work s 



BOOKS PDBUSBBD BT 



Msckay,— Interludes and Un- 

dfrlone*:or,»Qiii:iiTi>iligbt. Br 
CH»LEiMicut,LL,D. Cianevo, 
cloib ttiri, tt. 

Magician's Own Book (The); 

Pcriormoncca irith Cupi ud Billt, 
Eggi, Hut, HaDdkrrrUdi. ftc All 
ftsm iclukl Eipenenu. Edited by 



(1 WrilLng; Tl»iaio«o( Pcrfon 
Aaimili, lie Wiib Colnih 

m Jto. cloih eim, tt. U. 



Magna Charta. Ad a 

UDtcnia. pHaied DD fae p 



1 in Cold ud Colooii. 



Mallook (W. H.J. works by : 

TM Hew RapubllB; or.Colinre. Fahh 

ud VMlombf iBmnEnellthCinnir; 

H<MM. PoilBTO.daltiUDip.Ii. Sd.; 

Cbup Edition, UlDitrited boudt. Jc 
ThBNBi>P«ul«ndVlr*lnl»;ot, Poii- 

Ii>iiin DQ UD Uluid. 1p«1 Svo, clolti 

limp, la. fid. 
Posma. Smill ilo. boDDd Id pucb' 

DCs:. 8i. 
I* LIftt morlh Uvlnif Croim lio, 

clQlh eilni. fit. 

Mallory'sfSIr Thomas) Mort 

d'Arlhup: TheSlariesof Kuii Anbu 
udoftlieKBiehliDfUlriRoiiDdTible. 
Ediied br B. flomooMttll BiKiiiia, 
{^1 evo, dotb limp, tt. 



Marlowe'a Works. Includiog 

bU TtuililioDI. Kditsd.wilb Nolei 
ud iDUtidueLlaD, bt Co). Cuhhiho- 
lUH. Crown tito, ciotb cttn, fii. 

Marryat (Florence), Noveia by: 

Ctown 8vo, dolh ciln, a. fid. Mcb ; ol. 
poll Bvo, Uluetnicd boatdi, k. 
OpanlUMinal 
Writttn In Ffr* 



Pmi «td, iiiBitisied burdi.&. w 
A Nannt of Wild Ottt, 
A t-lttl* step»an. 



-Half a D02en 
~>^, eTi.M»Tiii>- 

vlnirdlK>u>U.3. 



Mark Twain, Works by: 

Tha CholM Worha et Mark Twain 
RfiTised utdCotffcred throtixhoiK bt 

nanieiou IlliiainiloDI. Crowa Std, 
CIMb tatn. n. M. 
Th* Advantupoa of Tam Savyar. 



iriMd burdi, St. 



ui Idt* E«cur*lon,iDd oil 



dolb ana, Tl. U. 

Tha InnoMnta Abroad! or, Tba Naw 
PUttim'i Piogrcw : B«1d( aonw Ar> 
couol of tba SKamlbip "Qtuko 
Cltj'a" Plaanra BicimidD u 
EuoM and Iba Holf Lud. With 
■34 Illnilntioiii. Cnnra lio. eloili 
«lfa,Ta.fil. Ci«» EoiTioa (B0d« 
Ihatillaol-Uiu Twu ■>■ Pluic la 
Tair "). pan flio, Ulaal. boudi, ta. 

A TswFHM AKMArf tViih iij lliujtra- 

tn,TaU.; 

ulraled boaidi, ta. 

Tha Stolen WhIU Eh^ant Ao. 
Cmwii 8yo, ilotb eitti, Ci. ; pott Sio, 
illiucnted boudi. El. 

LHaonthaMluUalopL Wittiboot 
Bra, clou tan, 7i. fid. 

Tho Advantuiwa of Huckfabapfy 



Crown lTO,cIaibei 



Ivo, cfoib II 


Hi. 71. fid. 


[/■.*™». 


MasBinge 


• 


Plays. 


Fram Iba 


















dD(b«nca.««. 








-London Charactera 
























claib uui 


la. 


M. 





V^DAvriifoiT 



My Room. Ft 
^BdlWiJ bi W. 



Elaliac'a "Comadla Humi 

H. H. WAiaia. 
Ualansholy /- , 

Bf UaiilicholT.' 



CHATTO «• WINDUS. PICCADILLY. 



rha Spa«h« of ChviM Dlckini. 
.Ilann' FHvolltlet, fu>clem.fo1llM 
•nrt Frallo*. By W. T, Domoh. 



Tha'^luc of Trnlb— TiiaJ ^ }vrf 
Orl|lnal Play* by W. S. Cilkit. 



Hum — Engiccd— S< 
CrctcheD-paD^J Dnic» 



— Th« Soreeiei 

snu of Jrlih Wit and Humour 
ColleciediuulEdiiedbiA.Piiictvu. 

nlmala and their Mutap*. Bf Sir 
AlTKUI HiLrs. 

Klal Ppauuiv. BrSliA-KiLrs. 
UFlHitlaaorCntlglam. QrHEmi 

a* Autocrat nrihaBraahhalTubtg. 



LIttI* Eaauia : Skelchei and Cturac- 

hii LclKii bi Vlicl FiticiuLD. 
Clarlcal Aneodotea. By Jtcoa Lai- 

Cuiiosiliei ol lbs Law aad Uao ol 
Theatrloal Anaodota*. B; Jacoa 



Tpua Hiatspy at Joshua Davldaon. 

fiyS. LikhLiktok. 
Wlloh atOPlaa. B) E. Lthh L»toii. 
OurMlvaa: Euayi on WomcEu fif 

Paatlmea and Playan. hj RoiM* 

I and Virginia. B7 



». B1U.CU01.110HDV 



IllDMialadbr 

Ctoioa Dd Miuuii. 
Muaa* of Mayfaip. Ediiad br it< 

TliOHau : Ui* Ufe ud Alma. Bt 

H. A. Paoa. 
Punlana- By tba Boa. Hooii Rowlit. 
Hor« Punlanc B; tbc Hon. Uuoa 

Tha Phllaaoptiy ot Handwriting B^ 

n and Sea. Br WotUK 



4 



Medicine, Famlry.— One Thou. 
(and Hodieal Mailml and Surrldal 
KiDIB. Idi iDfaocr, Adult Life, Mi<ldi« 
Age. and Old Ace. Bt N. E. DAvin, 
L.R.C.P. Load. Ct.Bvo.lnel.U.ed . 

Menpy Circle (The) : A Book of 



K NewBooliof Ameii- 



I. AsHOv K»oi, EdUoTi ol "Teua 
^itm." «» lllsiu. C[. Bio, doili 
eiua.T».etL 

Middlemass (Jean). Novel* by: 



Vouna: or. The H 
HUm nruolon. *iib il) appUuiion 
10 lb* ytettmlifia of HeilttL For 
1U4 la flTt*^ aod Popular Reading. 
WlibBBmeroailllnauaiioiu. Br UrL 
P. Fiawici MiLua. Snail tn, clMb 

lini p.fc> d. 

Milton (J. L), Works by: 
Tha Hyalenaof the Skin. A Coaelw 
Set orRoIea (or the )il*B*(cmciii of 



Ihsbhio, 5iuUSra, 



BOOKS PO BUSHED BY 



MoncHeir. — Th« Abdication; 



ILA, w. 



Murray (D. Christie), IVcvela 

by. Cron Bio.clcxb Mtii. St. 61. ecb ; 
poU Sto, illostraEed boards, li> hcEl 



Th« w«y of ihe World. 

North italian Foik. By Mrs. 
Cokms Cu>. Illut bT RioDOLra 
CiLUEcaii, Sqtun lie, sloth urn. 



Nursery Hints: A Molber'i 
CoideiDHealib udDiKaH. Br N. 
B. DiTiis, L.K.C.P. Cigwn Ivo, U. i 
clalb, H. 8d. „__^__ 



Oiiphant. — Whiteladlea: A 

No7el. WitbllluitniioDibirAitinui 
Horuntiad Hehii WoODi. Ciqwb 
Bvo. clotb eitra. ll, M.1 p«l Svc^ 



O'Connor. — Lord Beaconsfleld 

ABlopapbT. H;T.P,0'Caiiiio(,M.P. 
Siilh Edilloa. •'iih a Nn Piebi 






leDenili 



3 Beaconificld. 
^Whei|™,7l,«L^^ 

O'Reiliy.— Phcebe's Fortunes; 

A Novel. W,Ib IJLusiiatiOQ. br HniiiiT 
Tuen. Po«_BVD^oili»led bOJldi. U. 

O Shaughnessy (Arth.), Works 

b/i 
Sonet of K wopiiaF. Fcap. Bva, cloih 
eii™,Ti. M. 

-■ Bi-ltght. Fejp. Sio, 



Oulda. Noveis by. Crown Si«, 



Wan<l«: A NoibL Ciovb Ito. dotft 

eiira. £■. 
Freaeoea : Dnoutle SkBtchu. Cnin 

8ro, cloih eicia. St. ISkan-r. 

BIrnbl: PnEuiiuitoii EotTIOH. S4. 
o^eletb gill, riBnamoo odgn, 



Wilb 1 Poiuait. Pox 1 
Uoip. Zi. Sd. 
LIghIa on iha Way • Sooie Tales «i(ta- 



BiiLa lata I. U. A 
. Edlud br li. A. I 



pRecal'a Provincial Lettars. K 

Net Tramlaiioa, oilb Hiatotiial lo- 
trodnciion and Notei, bj T.U-Cai^ 



Patient's (The) Vails Meoum: 



Paul Ferroll : 

Poll Btd, Ulaiiiaied boanji, li. a^h, 
Paul Farroll: A Nent. 
Why Paul ff roll KHlad h1« WW^ 

Paul.— Qentle and Slmpift. By 

ManoiaiT Aiimi P^ni. WKh ■ 

FlDDTiBplK« bf HiLEH PltllMB. 

Ci. »»o, eWb aiuv**- •*- ' VM •»* 
illutnud board*, IL 




Ir MaMlngbBiM. 
Th( ec*l of Huibandl 
WattaF'a Word. 

Wnat H* Co(t Har 
L>M BlaoK tnan wa'n 
Bf Profy. I Hl(l 



A Orapa from a Thorn. 

Fof C»»h Only. 1 Trom Eiri*. 

Poll Svo, illusualed boardj, ti.culL 



A Countjf Fsmlly, | At Har M««iy. 

CmII'i Try at. 

Tha ClyffBrta of Clyflte. 

The Family Scapegrac* 



r. Ltiia Son. 

naalh MIm, 

, but Won. 

■ad Pounda Raward. 



liotK. Crown Svo, clofb eiira. & 

Pennetl (H. Cholmondeley), 

»»X: "" ■"■ •" "-'■ 

Puck on PeEaaua. Willi tlloiiraiiona. 

Tha Muaca of Mayfalp. Ven da 

Sui^ie, Selected and Edited b, H. 

C PcHHEtl.. 

PagMui Re-SaddlAd. WitbTanfoIl- 
P^tt liiiHU. by G. Dp M*uiuaa. 

Pti el pB— Beyond the Gates. 

Br Et-l/.-ETH STU.H Phti.,,. 

Anibor of ■• Tbc Gale, Ajat." Ciown 



Planch« {J. R.), Works by: 

Tha CyolopBdla of Cottumai or, 
A DlctioDiiT of Dress— RaiaJ, Kc- 
clMUitlea],6iH],>ndMililuT^rom 
ttie SarlioM Parlad ia Eojlaad to Iba 
Rdgn of GaaiSB tba Tblra. tnclnd- 
[Bg Notka of CmtnimrajMau 
FuhloM on lbs CoDllBent, and n 



Two Volt, demy 410, _ 

profowty fltutimied with Coli 
and PliiD PlJiiei x"! Wnnri 
£T 7a. The Vols. ] 
utanUtlf (eaeb ca 
at «t 1^ ao. eact 

HlSToir ar'coiiu 
Tha Puraulvant of , 



aaj alio bi 
nplela In ii 



itia, Tl, Od. 
Hh SD^'frnrcSa' tloa, bj ?ua 



Daughter, Mi 

Play-time: Sajrjngs and Doings 
of Baby-land. By Edward Stanfoied. 
Large 410. haodwmoly priulad in 
Colo nra. i», ___^__ 

Plutarch's Lives of Illustrious 

Men. Translated from the Creek, 
with Notet Ciillul sod Kiilorical, and 
a Life ot Flularch. by Tohm and 

W1LLI4H LAMOHoaKX. ToO VollL. 

Svo. clDIbeilra.wllb Portraits, lOi. Sd. 

Poe (Edgfti" Allan):— 

The Cholo* Works, in Prnse aiul 
Poetry, of Edoad Allih Poe. With 
an Introductory Easat i^ Chailes 
Bauoelaim, FDriinil and Fac- 
limllia. Crownavo.d.eilra.Tl.SA. 

Tha Myalaiv of Miirre_ Rosit, md 



j Shertly . 

Price (E. O.), Novels by: 

Val»ntln«: A Sketch. Wi lb a Fran- 
IdspieM by H»i LtoLCPVf. Cr. Ivo. 
cl. ei., It. GO.; post Bvo,il lust hda„ k 

Tha Foraljnopa. Cr, Svc, et, ot,. Iti*. 

M pa, Laneuler-a Rival. Crown tm 



I 



BOOSS POBLISHED Bf 



ings of the Ct 
Ciown Sro. clolh < 



lou, &c. 
:udlM. CiowD 



■„sr„ 



..TcCd. 



OurPlacgamone Inflnltlu: ASeriu 
Abode in Epjce >nd Tuot wiih'tlie 




Pyrotechnlat'aTreasuryfThe); 

ot.CompleKAnof MiWnEFirewoclii. 
llyTKOHisKiHTisH. WiSiDuniMoug 
lllnnraiiaai. Cr.gvn.cl.«lr>.<i. 6iL 



■nd a beaBlifDllT eieculed Chan dI 
Sptclni. U M . ^___ 

) o' 

StarlM. Br lbs Re*- Dt. B»iw». 

foutlb Edidon, revised IhrDDghout, 
Hitb ■ SeiT Appcudj^ coDUiuInK ■ 

Cr. gvn, !.«« latei, doth wirt. t». M, 

Richardson. — A Mlnletpy of 

HMlth, uiij other Papen. BtBh. 
■Aym Waid Kichiuuk. U.D.Ac 



Reade (Charles, D.C.L.), NovttI* 

by. PomSto, UIoiL. bd«„ M, e«h] 
or er. 8ta,e1. ei., l]Jii)(.,Sa. M. each. 
PofWomngton. aiualntetl bj S. L. 





lU nitrated 


















WBlt, 





Tho Autoblofpaphy < 

IlIiutnledbr'Htl^ 

luilrued bt £ Ei 
TnaDoubtoMuTli 

JOH«- 

Th« CI 



u. Eluh Edvi 
IutIbm. I Dun. . 
IT, ltA^.,uidC. Ki 



niBl bT Chu 



KM)>Ut. U^ 



. lUai 



























and A. W. Coopu 








ilp. tltiKtnled br 






































HKtW 


















Steel-pUie Ponrdi 
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Rlddelt (Mrs. J. H.), Novels by 

Ciown B'O. eloib eiin. b Bd. uch 

poBl Svo» iiJiutrated baaid4, ll-Aach 



I Storlaa. Cran >to, < 



Rimmer (AlfVecl), Work* by: 
OurOldCountryTowna. Witta e.*. 

SOlllmtt, Sq.a.o,eJoIh^t.iaiM 
flamblta Round Eton and Haifim 

jollluiii. Sq. evo,cloih«i]t,lCli. M 
About Eniland with Dickon*. Wiit 

«IIUuiI>TbrALr>iDlt>ii<ii> indC. A 

VuDIIHDOr Sq >Ta,cl.(Ul.ltllM 



CUATTO * WINDUS. PICCADILLY. 

Stories fpom Foreign 

l>ta. WiibNollceioflbeirl 



TlwWoomi ef tha Watw Wltoh: 
A NtxltMiB Odditr. Bt E'<n Dai^ 
DOiHi. Iltaimud bt I. Uoti 
Smith. Snull gvo. elMh win.. 61. 

Spaldlng.-Elizabethan Demon- 

!hS^?fciiel "o lh™^iii's'lenM'o?'D=WI«. 
and Iht Powei* posM^Hd bj Tbpm. 
Br T. AUREO Sfaldihq, LL.B. 

Speight, — The Mysteries of 

- 'b. Bt T. W. Spkiohi. 
uilipieu bi M. Ellih 



' Spenser for Children. By M. 

H. Towiv. Willi IllDitriliaiii by 
Wu.TI> J. MoKOAM. CrowQ 4<o, wild 
Colonred lllBilrtlioai, cloUi ipXt, g|. 

Staunton.— Laws and Practice 

of Chan; Togelber oilb bh AdsIt''' 
of tba OpealB|i,_ud a Treulte 



Stern dale.~T he Afghi 

AKo'el.BvRoaEiT/ 

DALt Cr.Svo,dolbe 
JTo. iili mnnd bojidi 



Knife: 

31. 60.; post 



Stevenson (R. Louis), Works by: 



* Arabian Nllhta. Crown 8vo, 
I. ciRi. 8a i pccI Sro. Uliul. bdi.. Ii. 

ranIii^?cM.*Cr. ?"o%l™«lrs,&.. 
noa Ctto: A RomiDU. Croon 
«o. doib T ina, gi. \Si prrfataSwm. 

ohn— A Lsvantihe Family. 

Baii.» St.Jobh. Pcxi Svo, U1u»- 



Stoddard. — Summer Cruising 

In llw South Beu. B« Ciuii.i[( 
Macuv. Ciown dvo, cl. «tni,li. Gd. 

et. Pierre.— Paul and Virginia', 

ud Tn* Indian Cotuc*. Br Bm- 



d Dodioih: Rcc 
Uummuiu, Sb 



Suburban Homes 



I (The) of 

itlaT Gaida lo 



Fivouiiia London Loeilltlas, Iheit 
SociclT, Celebiitia, (nd AuocuIJodi. 
Wiib Kouion Ibcii ReiiUl.Ri1ei,ind 
HoDM Accommodalion. WilbMipof 
Snbuibis Londoo. Cr.»ni.cI.ai.,7l.Iil. 



Orinina: 
SwInbU 



le (Algernon C), 

,n Mothar and Rouunond. 

'o,Sa 

InCalydon. Crown «nt.8i. 



Fcjp. 8«o, Si. Cr. 8»o, «nn pncc. 
Notaaon Poamaand flavlaoa B>a ll. 

8vo, lai" * '"**■ "' 

Sonsaberora Sunrlaa. Cr.8vo,l(Ia.Bd. 
Sathwalh ATr^gedr. Ci. Bro,lIl.ed. 
Oaorfa Chapman i AnEufj. Crown 



D Nation*. Cr. B' 



a Bprlnitldaa. Crown 



I 



MOOXS FCiUSBMD MT 



•SSUEI 



< m l»i* M ■ 






■.££i?S£&£: 







Tayta^s (B^nwd) Olvc««iwM 

M il — IWfc IMti^diA^ 



Taytor'a (T""! MMerfMJ 

p>— ■: -r^imiir thi^ 

Dun," -Tirin Aia a^ CnsB," 

WBfc- "to— i faT^- -Pim Md 
v"^ nqaMralM k( had ■(* 



T w «jf «o n (Lord); A Boocm- 



I 1* Li Bctanl Ufa, aad 

.'HkrtaBAV. mbCoMvW 

Fmligii[i. &.^^c^cl.«!^^wL.^fc^*■ 



Thonwa (Bartlw}, Novels by. 



T>M VMInPlu«K 




TlNito(ialMVWoHn ky: 






Tta , __ 

'hnaiL, at wTV't«»- 



Trollops <AiiUKM<yl. Nov«Ib Iw: 
Ovn •n^dalh oin. I*. ML aM* 

>«■> Imb OlnsiMl kowA. k. ^Kh. 
TIM W^lWa iMMiHb 



Tl— Wimrtt— tialan 



Tpollope(FpwiGM E.t,Nov«lkby 

LJka SklM a»sn Um Sh. Oosb 
•Ht etoib otn, M. M.| pMI trm. 




CUATTO *■ WINDOS. FICCADILLY. 



Tro1lop« [T. A.].— Diamond Cut 

Olamond, ud DIbci Slories. B^ 
Tnoyjis Adolpkub THOLLori, Crowo 
EvD, clDlti mat, li M; PHI Svo. 
ill ttuated boa rda. il. 

Tytler (Sar'ah), Novels by: 

TUB Briilg't Pa>(. 
Galnt Mungo'i CityT Crowd tvo, 
clolb extra, it. M. [Prtfating. 

eiDwn Bra, 31i. M. [Skortl>! 

Tytlep (C. C. Fraaer-j. — Mik. 

li-«w Judith: A Novel. By C, C. 
FusEit-TiTuii. CrowD Its, clotb 
alra.»l.M. 



Van Laun.— Hfstory ofFrenoh 

LIKraturc By Hihut V«>i Louh. 
Complels la Tbr<!e VoIl demf Bvo, 



Waloott^ Church Work and 

Ufa In Enillin MIniten; ud (;« 
Bntfiib SluSinri tfouiliun. B* Ibe 

It«, HACUMII E C. Wu«OTT,B.D, 

Tun VoU^ aowB Sto, dolb ntn, 
Witt lil»p «ad Cremd-Plm, !<«■ 



jt, Binb. Uirriogs. Educa- 

■loa, ftc, of mora dias it/Kt> di>- 
ll n mMiad H«di of FamlliM, their 
Halre AppUBDl oc PrenimptlTa. the 
OSnallwThoId or hiva bald, ibcic 
Town and Conalir AddMuai, Clu b>, 
Ac TomlT-biDrtb AddiuI Ediliou, 
be ia4,clott,(all (lit, EOl 



Addiaawt, fto. 3' , , 

Poblialud anDuany. 
Tha Uilllliii BuwtMU* t\B»H. 
'•——-• m AlphibBlfciil Lilt ol 



of Ciaatloq, Addrawat, Ac atmo, 
olMh,U. PubUihad aunuillr. 
TIM Bll<llln( Knl|htaM (1BB4). Con- 
lainiDi as AlphibetH:*] LLii oi tba 
Xnlcbb ol iLa Uoiled KiDedom, 
■bon Biographical Nolicai,Dai— 
of Cnalkn, Addreaaci, ftc 1 
elMh, U. Pnblitliad aanaallj. 






WiLroiD'KEDw.. M.A.) WoaH.cH.— 
The Shllllnc Houa* of Commona 

(1804). CoDUinini a Lial or all ttoa 
Membera ol Ibe Sntiiti Parliuneiit. 
ihHii Town and Cannliy Addioual, 
«i:. izmo, clolli, iM. fobliibsd 

ago, Knlghtags, «n( ... 
Common. 11684), In Ono Volumr, 
toyal jiTno, clolb eilri, gill sdgea. 
St. Publishad uauolli. 

THD.KBL-Br" Edited by Edw.id 

by F. W. Fahholt, F.SA. Ciowb 
B»o, clolh mlra. Ti. Bd. 

Walton and Cotton'aComplota 

Anglep; or, The ConlBBpUtiTB Mao't 
Becrealioni boinc a Diicouna of 
Rinon, Fllbpondi, Fish and Fiihloi, 
written bj Ii.jn W.1.TOKJ and In- 
•iroclionj bow to Angle (oraTroal or 
Grayling JDaclou Stream, biCHiRLia 
Cotron. WJthOilglnBlMen.oirtwid 
Nolei by Sir H*»ia NicoLu, and 
61 Coppfiiplale llIaatrationL Laiga 
einwn Sro, clolh antique, 7i. gd. 



among tbo Oiliicb Hunien.' Bt 

JuLiua BiHBOHU. tUolfnled. 

Cams Note*: Storiai ol Sport and 

BOTLI. 

1 IllluiUa- 

uam oy KOBT- ^^HUIKBKAHE. 

Clrcua Lira and CIrou* Calatarltlaa. 
BrTMaoiLSFaDET. 

ThB Livaa of tha Conjurara. B7 

The Old Showman and tha Old 
London Faliv. BrTHouu FioaT. 

Low Life Deapa. An Account oJ tha 
Strange FLih to bo found there. 67 
Jauis CaimwooD. 

Tha Wllda of Lonilon. St lAHia 

G«>.»WOOD, ' 

Tunis: The Land and the Peapla^ 
By Ibe Chevalier de Hisii-Wai' 
TaoQ. With II Illnitralioni. 

The Lira and Advanturaa of a Chaap 
JaoK. By One of tbe FtalerailT. 
Edited by Chaklvb HiHOLir. 

The World Behind tha Soanaa. By 
Pa tor PiTiaauLO. 

Tavam Anaedotaa and Savlnaa: 
Including IhB Origin of Signi,ud 
Reminiauncn connected with Ta- 
varns. CoBea Mouiei, Ctubt, ta. 
ByCHuuiKiHtiur. With uloHk 




BOOKS PUBLISHED B? 



W*iriiuu*i LnuDT. TBI, i 
Tha Genial Showman: Lite ud Ad- 

(siluiH o< Ancmui Wud. BtB.P. 

Hacstoii, Wilh a Fnntupicca. 
Th« story of Iha Lonil on Parka. 

London Ciaractc r 



wiih lUoiit. 



, litttitmed. 
••von O anamtten toTEiBcutlonen: 
Uranii* Hi Ibe Santoa FiicilT 
<i«M (a 1S4;). Ediisd bj Kekii 

tummop CrulaTn) In th* South 
Saaa. Bt C. Wituii Stoddau. 



Wamep.— A Roundabout Jour- 

Aaihu o("Ut Sommer in aGardeD." 



WappRnta, &o. :— 

Wowwit to Enouta ChftriB* I. Ad 
exact Pacdmilo, with the Fiftf-nina 
Slfnatora*. asd ocmspiiaillDC Scali. 
Cantallf ptiDM as pupti to Imitala 
UHOri(iBBl,i«fa.l)iri4iD. PrkaS*. 

Waivant to Emouta Mary Quaan of 
Scot*. Aa enct FUtiaSl^ iaelDd* 
iag iba Sicnanm of Qoaaa BJin- 
Inilt. aad a FacafanOa ol tba Gnat 
Seal. BwtOiraltT primed m paper 
MlmiowihaOil^oalllS. PricaJM. 

■iBCna Oharlm. Aa naet Faoioiil* 
of Iba (M^ul DocamcBl in Itie 
BritU llBaaaia. priated on fine 
ptau paper. Dead* 1 (eei knu br 1 
MiriA «ttt> t^ «">" ud Seali 
onblaronaJ Im GoM and Colann. 
Plica ti. 

Ttia Roll or Battle Abbey; or, A List 
c( the PriBdcia] Wairion wbo caina 
over frtm Komasdy wiib WilluLo 
ih« Cooqoerot, and Settled ia tbii 
Coontrj, *.E>. laK-). With the 
pHiKiiwI Aimi eobluoned in Gold 
Btid Celoan. Prico la. 

Wsathet, How to Fonetelt the, 

with tha Pofiket SpaetPoeoopa. Br 
F. W. Cow, M.R.C.S. Eofc, F.it.Mil. 



West ropp— Hand book of Pot- 
tery and Porcelain; or, Hi^torr of 
Ibua Arts fcOD lilt kulW PEOod. 
Bf HoDCIl M. WuTsorr. With dd- 

meiDDS IlluslralkiQB. and a Ll>l of 
M atks. Crown Bm, cloth iliBp, <i.sa. 

Whistler V. Ruskin : Art osil 

Art CiiUet B. 1. A. Machiu. 
WKini-'i- 7tbEilIIion.»], Bvo.la. 



White's Natural History of 

Saltwma. Edited, witb Additiom, by 
Thuius Baov*. F.I-S. Post »r0b 



Williams (W. Mattleu. F.RJL8.), 

WoPka by ; 

Science In Short Chnpter*. Criwm 

Svo, cloib eslti, 7*. Bi. 
A Simpl* Treatlaaon H«t. Ore** 



WKson (Dp. Andpow, F.R.&.E.). 

chapter* on Evolullon: A Popalef 
Hinarr of (he Oarwiaiaa asd 
Theoriea M Deveiopin«t. 



Second Edi 
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Laavea from ■ Naturalli... .„.. 
book. Posilvo,cloUiltiap,k.M. 
~" I Sladlao, ehieOy Bio- 



Wlntsp (J. 8.), Btoples by 1 

Crown Svo.doih atri,at.M., 
poM Eva.illiuiraied boatdi, k. 

CavalryJ.lli». I^glmant al Lf 
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owa8TO,cLoiheiita,6i.|;jr 
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" — '--tura Htitory of tha "tnraii 
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EbeHo 
irares, 
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Svo, cloth ealta, U. ML 
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BT EDWARD GMtRETT. 


BY JUS^riS IliCASTBi, M^. 


Th. C«p*l Olrl*. 


Tha Waterdala Nal(hbaura. 
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My Enwny'a Oaulhlar 


Robin ar«y. 


Llnlay Rochropd | A Fair taiB* 


For Luk sf OoW. 




M Lova uMf Wur, 




wutolll thaWopMivr 


Donna Qulnota. 


For tha Kl<« 






MaUoT AUtana. 


OtMM or th> H«M«. 


«r GBORGS MACDOKALP.U4 




Paul Fabar. Sup«eon. 


TfM Floxw of th* FoavM. 


Thoma* WncMd. Curmta. 


AtUvf* Pr«b)wn. 


BY MRS. MACDOHLUU 


TM Bpm* of Twrotk. 


Suakar Couilna. 


TM QoMwi Srikft. 


BY KATHABJKS S- M^CflffWa 


OTHIfhOap*.. 


Loal Roaa. | TYm Evil Eta 


Fancy F« 


BY FLOR&HCZ UARKTAZ. 


UrvlnfaDFoain. 




Sr THOMAS BAROr. 


BY JBAS MIDDLXMASS, 




Touch and Oo. 


ar JUUAV BA WTHORNS. 


BY D. CHIUSTIS ilORRAT 






DIMa QuantM. 


Joaaph'i Coat. , VaJ Uiwioa 




A Medal Fathar. 1 Haarta. 




By tha Oata of tha Saa. 


Dm*. 1 ForluiM'i Fool 


Tha Wa» of tha WoriiL 


■MtrteRaHMph. 


BY MRS. OUPBAKT. 


sr 5/« ^. BBLPS, 


Whitatadlaa. 




BY MARGARST d. PAUL. 


Bl UttS. ALFRED BUHT. 
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Loat Sir Maaainf { CartysB^ Taar 




BHt of Huabanda 
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From EkM 


St JXdK OfGSLOW. 


Fallan Fortunaa 


Fat«< M M Fna. 


Hatvaa. 


A Oram f>«a 


Bf 8ARRlttr 3A1. 


Wallar'a VTord. 






What Ha Coat Har 


For CaaliOirty 


-naDartiCollMii. 


War* PaJnIa*. 


•oma Piinn 
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iwitlna. I Tha Fordinan 

». Uu>ca*l(F's RIvftJ. 
r CHARLES READS, D.CJ.. 



TIM Doubia Man^ag*. 

Tha Clotatap and tha Haartn. 
The Couraa of Tnia Lava. 
T)ia AutoBloBpaphy of a Thiaf. 

A Tarrlbia Tamptatlon. 

BY URS. J. B. KIDDELL. 
Hai- Motha.^. Darllna. 
Prlnc* of Walaa'a OBrMn^aPt)'. 
Wain) Storlaa. 

BY F. W. ROBlKSOa. 
Women ara Stnnga. 

eK JOf/W SAUHDB/IS. 



a SAVHDESS. 

Iiabath. 

I Tha Wth Mllla 

P EDITIO^ 
Phi B.a. U 
flV EDMOND ABOUT. 
Tha Fallah. 

fiv HAuiLTon aIdA. 

Capp of Carrlyon. I Confldancaa. 

By WAS. ALEXANDER 
MaU. Wlf*. or Widow r 
£r SISBLSLEY BEAVCHAMP, 



FlCCUltU.T NOTtLl, ( 

ev r. W. SPEIGHT. 
Tha Myalartaa of Haron Dyka. 

DY R. A. S7ERNDALB. 
Tha Afghan Knlfa. 

BY BERTHA THOUAS. 



iPlarap. 

TROLLOPg. 
Tha Way »• LIv* Now. 
Tha AmaHoan Sanator 

Ka»( In tha Dirk. 

Mp. Scapbopouch ■ Family, 

Tha Land Laafuara. 

BY FRANCES B. TROLLOFS. 
LIK* Snlpa upon tha Saa. 
Anno Fupneaa. 
Msbal'a Proireaa. 

BY T. A. TROLLOPS. 

Dtamond Cut Diamond 

By tVAS TVRGENIEFF a<d Oifira 

StOPlaa rpom Fopalgo Novaiitta. 

BY SARAH TVTLSS, 

I Cama ThPoulh. 



Tha B 



lur»o'i 



/ulcan. I MyLlttlafilrt. 



fir C. C. FRASERTYTLBB. 
WlatPoaa Judith. 

BY J. S. WIHTBK. 
Cavalry LH*. 
RasI mental Lafanda. 



BY WALTER BESAKT. 
All SoPta and Candlttona of 
Tha Captaina' Room, 

fir FREDERICK BOYLS 
Camp Notaa. | Eavafa i lf< 

BY BRBT HARTE. 
An HalPOM at Had Oof. 
T^a Luoli of Roaplni Can-.a 
Calltwnlan BtsHaa. 
ObMM Conpoy | fllB. 
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^^H suriynm. 


Filthy LUOM. 


^H ar H£5. LOVBTT CdMBROn. 


fir R. B, PBAtlCH.LO.'l. 




Olympla. | Duaon CophaUa. 


^H sr If^CLJXEV C0BS.1W. 


OnabyOn*. 


^H TM Cur* df ftouU. 


Pfftt«l tj Sir a. BAMTLS FUSS. 


^B BT C. iLLSIOn COLUHS. 




^^L TM Bw Bl^bUl^ 


BY BAtN rUSWELL. 


^^^^^^ £7 WILKIS COLLINS. 


Onaorrmt. 




BY BDWAfCO GABSETT 


^^^^H •>!*. Tha fU. MACdi- 


Tha Capal GlHk 


^^^H MMMSMk. 1.0. 


fir CHARLES CIBBOn. 


^^^^^V Tt>«DMdSecnt.,-ni. Fr««nDMP. 


Rabin Gray. QM*n af Uw M**- 


^^^^^V «M«orK«rU. LawuidtntLuly. 


Fop LacK of Gold. 




^^^^^^B My MIsmJIwiIm. 


ThaTwoDestlnlea 




(nPaMuratOfM 


^^^^H Womwi In WhIU. 


Haunted Hotel. 


World Bay f 


ThaFio-arBttH* 




TIiaFallwUavM. 


In Honour Bound. 


Forwt. 


^^^^H Hui mn4 WIte. 






AHean-aPrebl** 


^^^^H FOOF Wl« Finch. 


Tha euck Roba. 




Tha Sraaa of ftf 


^^^^H fir UORUUSS COLLINS. 


For ina King. 




^^^^H «wMt Anne P>»l 


BY WILLIAM GILBERT. 




Dr. Austln'a Ouaala 


^^^^H From MUnltXt lo M1<>nl|ht. 




^^^^^^B A FI(ht wKh Fortuna. 




^^^^H ItOKTIMER&FRAKCES COLLINS. 


fir JAMBS GXEBKWOOD. ' 


^^^^^H Sweat and Tmnly. | Fruwaa. 


Dick Tamol* 




BY ANDBSW HALLWAY. 


^^^^^H Tha VIIIa«a Comadr. 


EiwrOay Pa»ar& 


^^^^H You ftay m. Falta. 


fir LADY DUFFCS HARfT. 


^^^^H BY Dinrof COOK. 


Paul Wyntar^ SaoHRo* 


^^^^^^B Laa 1 Paul Foater'a Daughtar. 


BY THOMAS HARDY. 


^^^^^^B BY J. LEITH DESHTEST. 


Under the Oreamrood Traa. 


^^^^^g OwLadyoTTaara. 


BY JULIAS BAWTHORHM. 


^^^^^H fir CHARLES DICKBirS. 


Qarth. 1 SakaatlantMM 


^^^^^H Sketehaa by 8oi. 


eillo* Quanlln. | D»aL 




Print* aaj-onl'a Wl(», 


^^^^K O'IMP T.Ot 


BY SIR ARTUVn HBU% 


^^^^^^K Nicnela* Nlcldaby. 


l»an da Blron. 


^^^^H fir MRS. ANSIE BDWARDES. 


fir TOM ROOD. 


^^^^^H APolntefHonow. 1 Archta Lavall. 


A Oolden »Mrt. 


^^^^F BY U. BBTBAM-BDWAEDS. 


fir MRS. OEOttGS BOOPMa, 


^^^^ FallattL I Ktttjr. 


TIM HMM Of Rabr. 


^r fir EDWdBO KCaLSSTOH. 


BY VICTOR BVGO. t 
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Chiaf Poruu* NoriLB, (oiKiniiii— 


BY URS. ALFRED BVHT. 


BY D. CHRISTIE HURRAY. 






The Leaden Caaket. 


A Model Fathtr. 


■■It Condemned. 


Joseph'* CoAt. 
C:DalB of Flr^. 
By tho Dale of Ih. Sm. 


ar JEAN INGBLOW. 


BY URS, OLIPHANT, 


BY HARRJETT JAY. 




Tha Dark Collaon. 


Phcebe'e Fortunee. 


BY HEURY KIUGSLEY. 
WcihotlCutta. 1 Numt«r Seventeen 


SI- OUIDA. 
Held In Bondage, i TwoLlttlaWooden 


BY B. LYUH LINTOH. 




Shoo*. 


PatHela Komball. 


Chando*. 


SIgna. 


The Atonement of Learn Oundaa. 


Under Two Flagt. 


In ■ winter City. 


The World Well Lo.t. 




Ariadne. 


UnduP which Lord? 






With a Silken Thread. 






Tho Rebel of the Family. 




PIplstrallo. 


"My Lover 


Pucl". 


A viimgo Com 


BY HENRY W.LUCY. 


A Dog of Fl«nd«™. 


BImbl. ' 


Gideon f le)ro*. 
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Dear Lady Disdain. 


Gentle and Simple. 






My Enemy'* Daughter. 


BY JAUES PAYN. 






LInl*/ Rochford. 
MIh Mleanlhrope. 


A Perfect TfBB- 


A Warm* Re.1- 


Donna Qui.ole. 


Bentlnck'a Tutor. 


Married Beneall) 








BY GEORGE UACDONALD. 


A County Family. 


MIrfc Abbey. 


Paul Faber, Surgeon. 


At Her Mercy, 


£200 Reward. 


Thoms* WthEfold. Curate. 


A Woman 'a Von- 


BY URS. UACDOHELL. 


Cecil's Try at. 
ClyfTardsofClyn 




Quaker Couain*. 


We're Painted. 
By Pro«y. 


BY KATHARINE S. UACQUOW. 


Tho Family ScaiM^ 


The Evil Eye. | Lott Roee. 


FoaleTepathePB. 


MIgh SDlni*. 


BY W.H. UALLOCK. 


Found Dead. 


Carlyon'* Year 


The New Republlo. 


Beet of Hut band* 


A Conlldenilal 

Agent. 
Some Private 


BY FLORENCE UARRYAT. 


Waller'* Wont. 








Fallen Fortune*. 
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A Orape lH>m a 


BY J. UASTERUAN. 
Kair-a^doian Daugntere. 


Humorau*StoplM 
Owandollne'eH*!' 
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